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SPEARS, AN AAW PERFORMANCE SIMULATION

1. INTRODUCTION
1.1 Background

This report is the documentation for a large-scale anti-air-warfare
computer simulation model jointly developed at the Naval Warfare Re-
search Center of Stanford Research Institute under the auspices of the
Office of Naval Research (Code 462), the Office of the Chief of Naval
Operations (NAVOP-962Dl1), and at the Radar Division of the Naval Re-
Laboratory under the auspices of the Naval Ship Systems Command (Code
03521). There are two variants of the model, both of which will be
described here. The versions of the model to which this documentation
applies were completed in June 1973 and are designated SPEARS (System
Performance Evaluation and Requirements Simulation). -

1.2 Model Scope

The model is, to the greatest extent practicable, machine and in-
stallation independent. With the exception of two routines which use
masking operations to pack and unpack integer data, the entire model is
written in USA Standard FORTRAN*. The lengths of several packed lists
and alphanumeric arrays depend on the word length of the computer being
used; the procedure for properly dimensioning such lists is described in
Appendix D.

The model capability for handling defense units (ships and AEW
aircraft) and offense units (launch vehicles, standoff jammers, cruise
missiles, etc.) depends on the availability of core storage in the user
chosen computer. Appendix D describes the process of allocating core
storage.

* American National Standards Institute, Inc. USAS X3.9-1966.
Note: Manuscript submitted October 17, 1975.

1-1
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The model belongs to the class of one-sided, event sequence Monte
Carlo computer simulations. Enemy attack tactics are fully defined at
the outset of a game situation by inputs to the Raid Generator, and the
attack, thus specified, will be conducted during the play of the game.
Therefore in this model the enemy will press his attack without regard
to the extent of encountered losses, and surviving impacting weapons
will remain assigned to ship targets as initially specified in the in-
put values.

The event store structure of the model is a technique in common use
for discrete simulations*. Significant types of "events," such as a
radar detection event or missile assignment event, are defined, and a
play of the game consists of a sequence of occurrences of such events.
When the occurrence of an event is processed, it will cause the fol-
lowing sequence of actions to take place:

1. Evaluations peculiar to the event in question. For example
the assessment of effects of an enemy weapon's impact would occur in the
event DETONATE.

2. Changes in the lists that make up the data structure of the
model. For example the alteration of the availability status of ship-
borne components would result from a FAIL event.

3. The generation of new events scheduled to be evaluated at a
later time. For example the creation of a detection event may result
from a radar scan event.

4. The removal of a previously scheduled event that has not yet
been processed. For example the cancellation of a launch event would
occur within a damage event which puts that launcher unavailable.

Scheduling a future event involves placing the event into a time-
ordered game calendar. A calendar entry consists of the type of event
desired, the game time at which it is to occur, and two integer parama-
ters that identify the units to which the event is applicable (such as

a radar set number and the number of a target just detected by the radar).

After the occurence of a particular event has been fully processed, the
simulation control routine will select from the game calendar that event
having the next time of occurence. This process will continue until the
end of the game play has been reached. In this model the end of game
time may be assigned by an input parameter, may be derived from the time
of last offensive weapon impact time, or may be determined by the game
calendar becoming empty.

* G. Gordon, System Simulation, Prentice Hall, 1969.

1-2
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At the conclusion of a play of the game, or replication, a statis-
tical summary of significant event parameters is produced showing such
items as the number of shots fired and kills achieved by each missile
battery together with the average range of intercept, the number of
detections produced by each radar and the corresponding average detection
range, and the number of enemy weapon impacts suffered by each defense
unit together with the resulting damage to its shipborne components.

This model is, loosely speaking, a Monte Carlo simulation by virtue
of the random element used in generating several of the event types.
For instance a cruise missile (termed a parasite when it is still aboard
its launch vehicle or mother plane) may be launched within a specified
time interval according to a uniform probability distribution; thereafter,
the deviation of the actual speed of the cruise missile about a mean
value is determined by sampling a normal probability distribution, the
variance of which is specified on input; the aim point and impact point
(relative to the targeted ship's position) of the cruise missile are
determined from a bivariate normal probability distribution describing
the aiming and guidance accuracies of the enemy weapon system. Other
random phenomena include radar detections, missile-target intercepts,
and damage assessment of enemy impacts, each of which involves Bernoulli
trails with "success" or "failure" being determined by input or computed
probability values.

The outcome of a single play, or replication, of a Monte Carlo sim-
ulation model is determined by the sequence of random numbers obtained
from the random number generator. A second play of the same game situa-
tion with a different sequence of random numbers is likely to produce a
different outcome. The importance of such differences depends on the
purpose for which the analysis is being conducted. The number of repli-
cations required to achieve "sufficient” confidence in the measure of
effectiveness of interest can be established only after some experience
has been gained with applying the model to similar problems. To illus-
trate, the problem of determining the expected number of target kills
achieved by an entire task force against a particular raid would probably
require fewer replications than that of determining the expected number
of target kills achieved by one of the ships within the force (both to
the same confidence level).

The model itself is actually two separate computer programs. The
first of these, known as the Pregame Processor (PGP), accepts inputs
from punched cards and magnetic tape which completely describe a game
situation, including the characteristics and positions of all offense
and defense units. The PGP will, if desired, produce a listing of the
input data available to it and the resulting composition of the opposing
forces. With this listing an analyst may confirm that the situation
described is exactly what is intended or take corrective action by
revising the input card deck as appropriate. The PGP yields a game
description on a magnetic tape file that may be used any time thereafter
by the second portion of the model.

ITITSSYTIOND



The second portion of the model, known as the Main Simulation
Processor (MSP), uses the tape file produced by the PGP to execute the
game as often as desired (as specified in the replication control input
values). The MSP includes the actual event-store simulation model and a
postreplication summary procedure. The type and extent of output listing
produced during the play of a game are determined by the values assigned
to various input parameters at the beginning of the MSP execution. If
desired, the two portions of the model may be run back-to-back as a
single computer job; this might be done whenever there is sufficient
confidence that the input deck, or situation description, is error free.

1.3 Model Use

There are numerous uses for the model. Task force runs may be made
to establish the relative effectiveness of the defense when changes are
introduced in ship configurations (alternative radars or weapon systems)
or in ship dispositions. Similarly the effects of changes in enemy
attack tactics (raid size, weapon types, flight profiles, jamming
levels, or target selection) may be assessed. On a smaller scale,
single-ship runs may be conducted to measure more directly the detection
or firepower capabilities of an individual unit as changes are made
within the ship configuration or in the raid composition. Single-ship
runs are often useful for gaining greater insight into observed or
predicted differences in larger scale (task-force) runs.

The various simulation options available within the model permit
investigation of the sensitivity of a game outcome to such factors as
the level of detail to which the radar detection process is modeled or
the degree of sophistication employed in defining missile time-of-flight
characteristics. In certain instances it may be established that con-
siderable running time may be saved through the use of the simpler
algorithms at the expense of a negligible difference in the performance
measures of interest.

1.4 The TDHS Variant

A major variant of SPEARS incorporates a Track Data Handling System
(TDHS) . This variant is at present not fully compatible with the main-
line evolution of SPEARS. Nevertheless we consider it of sufficient
importance to warrant documentation in this report. To distinguish
clearly the TDHS description segments from those applicable to the rest
of SPEARS, the parts of the report that refer to TDHS are placed in
italics.

Many modifications were made to SPEARS in order to introduce de-
tailed treatment of the Track Data Handling System (TDHS). A previous
study* resulted in a description of the equipment and personnel which

*# "AAW Track Data Handling System Description and Detector/Tracker Model-
ing Specifications" (U), SRI/NWRC Interim Report, Dec. 1971 (Confidential) .

1-4
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constitute the TDHS, together with specifications for modeling the detec- b
tor/tracker (DET/TRK) operator function. In addition to the DET/TRK e

L&

operator it has been found necessary to model many of the functions per- e

formed by the Track Supervisor (TRK SUP) so as to place the DET/TRK ac- o
7

tions in proper context. i
The TDHS is basically the command-and-control network which processes
information available from the surveillance radars of a naval task force.
As it is implemented in the Naval Tactical Data System (NTDS), the TDHS is
a man-machine complex involving both data input functions (e.g., estab-
lishment and maintenance of target track histories) and data utilization
functions (e.g., assignment of defensive weapon systems). At this time
only the detection and tracking functions for a single ship (within the
context of a larger force*) have been implemented in the simulation model;
that is, the threat evaluation and weapon assignment (TEWA) functions
for the defense force are not operating presently.

Growth potential for the TDHS version of the simulation model would
be along two main directions: addition of the user functions (e.g., TEWA)
to the present semi-single-ship configuration of the model, and expansion
of the TDHS capabilities to all units within the force, including addition
of the intership communication system used for data exchange.

The capability afforded by the TDHS version of the simulation model
being described here is that for the first time in a large-scale AAW
model target positions are uncoupled from radar video-return positions,
which are in turn uncoupled from TDHS track-history data.

Until now the track updating function has been implicitly assumed
to be performed instantaneously and without error in AAW simulation
models. Differences between available large-scale AAW models have cen-
tered primarily on the algorithms used to determine the time (and in
turn the position) at which each target becomes detected; these range
from simple deterministic techniques to stochastic models in which single
look detection probabilities are computed from "observed" signal-to-noise
ratios. The SPEARS model incorporates several such algorithms from which
the user may select in preparing inputs for a particular run.

However, as in all such models, target-position information subse-
guent to occurrence of initial detection is made readily available to
potential users as long as the target remains in the coverage volume of
the detecting radar. Tracking errors are not explicitly introduced,
although small radar-measurement errors may sometimes be superimposed
onto actual target coordinates.

* Other ships in the force are included as part of the model input data
solely for the purpose of providing a multi-ship environment against
which enemy cruise missile targeting may be accomplished.
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In the TDHS version of the simulation model, it is possible to
observe and measure factors related to timeliness and accuracy of air
tracks and to witness the effects of system saturation as the number of
such tracks being maintained increases or as the countermeasures environ-
ment becomes more intense.

Numerous input parameters have been incorporated in this variant of
the simulation model to describe the TDHS detection and tracking func-
tions. Also several event types have been added to the game structure,
and a summary table relating to TDHS performance has been added to the
postreplication output listing.

1.5 Model Growth

SPEARS is available to users within the Navy community. The model
will no doubt continue to be changed and expanded as time passes and as
more experience is gained in applying the model to various analysis
problems. Modifications to the model will be reflected in revisions to
this document. Revised pages will be sent to any user who has requested
and obtained a copy of the model itself as outlined above.

The authors of this report are available on a limited basis for
consultation on problems related to compilation and execution of the
simulation model. 1In turn we would appreciate being advised of any
problems encountered in transferring the model to a different machine
and of running times experienced under various situations.

Finally the authors of this report are interested in negotiating
with potential sponsors for the development of the model's growth po-
tentials and in some aspects of the conducting of analyses of naval AAW
systems or subsystems through application of the simulation model.



2. OVERVIEW OF MODEL CONCEPTS AND ENTITIES
2.1 General

SPEARS is a detailed computer simulation of a defense oriented AAW
battle. In this model the defense consists of a task force composed of
stationary defense units such as ships and airborne early warning air-
craft. Standoff jammers, aircraft launch vehicles, cruise missiles, and
other airborne offense units form the enemy air attack. Defensive
action against an incoming raid consists of launching surface-to-air
missiles (SAMs) at establiched enemy tracks according to assessments of
the threat posed to the task force by the attackers. The consequences
of a defense strategy against a particular enemy assult may be observed
in terms of the expected cost of the battle to the task force, taking
into account the physical damage sustained by the defense units during
the engagement as well as the amount of ordnance expended.

The simulation has been structured as an event sequence model where
each significant occurrence or change in the progress of an AAW battle
is accomplished through the execution of an event. As examples, the es-
tablishment of an enemy track, the launch of a surface-to-air missile
against the track, and the interception of the track by the pursuing SAM
are represented by DETECT, LAUNCH, and INTERCEPT events respectively. A
run of the simulation, or play of the game, consists of a progression
through a time-ordered calendar of events, processing each event in
turn. The execution of an individual event may generate one or more
additional events to be inserted into the game calendar or cause cur-
rently scheduled events to be cancelled. An INTERCEPT event, for in-
stance, may generate a DIE event for the intercepted track. The DIE
event, in turn, clears the calendar of all pending assignments involving
the track, thereby removing any LAUNCH or INTERCEPT events associated
with the target. Game time at any point during the play is the time of
occurrence of the event currently being processed. When two or more
events are scheduled to occur at the same time, they are ordered into
the game calendar according to a specified event-priority schedule.

Many events involved in the simulation are stochastic. For example
the time of launch of an enemy air-to-surface missile (ASM) is consid-
ered a random variable with a uniform distribution over a specified time
interval. When a missile is launched, the deviation of its actual speed
about a mean value is determined by sampling a normal probability dis-
tribution with a prescribed variance. The outcome of each occurrence of
a stochastic event depends on the set of values obtained from a random-
number generator. In general an event-store simulation containing such
events is labeled Monte Carlo to reflect this dependence on random
sampling. Consequently a number of replications of the same game sit-
uation with different random-number sequences are necessary to obtain
statistically significant estimates.

2-1
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2.2 Enemy Platforms
2.2.1 Representation During Flight

Offensive unit motion within the simulation is described by a
piecewise linear flight path. The points along the path at which chang-
es in direction occur are called nodes, and a NODE event for the unit is
scheduled to coincide with its arrival at each of these points. Only
one NODE event for each active unit appears in the game calendar at any
time; the occurrence of a NODE event reschedules the next NODE event,
until. the end of the flight path is reached. An important function of
the NODE event is to determine any times at which the offensive unit on
its. current flight leg (current node to next node) will enter or leave
the weapon assignment range of each active defense unit within the task
force.

For nonimpacting targets the flight path may be described by up to
15 node points; the location of each such node and the speed of travel
between each pair of nodes constitutes a portion of the Raid Generator
inputs. Impacting targets, such as cruise missiles, may be assigned
flight paths having one, three, or four legs with the speeds, altitudes,
and climb/dive angles specified on input. The horizontal projection of
an impacting weapon's flight path is a straight line from the launch
position (defined relative to a reference node of the launch vehicle's
flight path) to the impact point (in the vicinity of the assigned de-
fense unit). Any enemy vehicle may employ ECM in the form of broad band
barrage noise jamming on up to five radar frequency bands and on inter-
ship communications frequencies. Formations of enemy aircraft are
easily described by defining in detail the flight path for one aircraft
(the group leader) and specifying lateral, axial, and vertical displace-
ments for each unit in the formation.

2.2.2 Enemy Weapon Impact

When an in-flight ASM, which is targeted on a ship in the task
force, reaches its last NODE event (Fig. 2.2.2-1), an IMPACT event will
be generated. The primary output of this event is the point in space
where the ASM will detonate. This calculation is discussed in detail in
Ref.l. Briefly, what happens is:

e The actual aim point of the ASM on the ship will be determined
by perturbing the ASM from the intended aim point. This perturbation
depends upon the flight path of the ASM, the projection of the ship on
a plane normal to the ASM flight path, the reflection coefficient of the
sea, and the reflection of the ship in the sea visible to the ASM (Fig.
2.2.2-2).



NODE

_______c(///x>

TARGET SHIP

TERMINAL NODE
(Generation of Impact Event)

Fig. 2.2.2-1 - Profile of a missile flight path

e The projected intersection point of the ASM path with ship or
ocean surface, whichever the missile reaches first, is calculated by
adding a random error predicated on the ASM accuracy inputs.

e The prospective point of detonation is calculated by locating
what position the ASM will hold at a user chosen post or prior distance
from the missile intersection along the ASM path of motion.

® The event IMPACT or DUD is generated after a random number is
drawn against the probability of an ASM dud.
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2.3 Surveillance Radar

SPEARS provides to the user several alternative methods for calcu-
lating if and when an enemy intruder is detected. Each individual radar
in the defense has associated with it a user-chosen model option number.

All options have in common a sequence of events called SCAN's for
each surveillance radar. These events specify the moments when detec-
tion is attempted by an individual radar on an individual target. The
methods associated with the performance evaluation of a radar system
triggered by a SCAN event are defined below, along with a description of
the four current radar model options.

2.3.1 Radar Horiéon

Using Fig. 2.3.1-1 to define a coordinate system, assume the observ-
ing radar is at (0,0,h). Then the target is below the horizon if and
only if

2% < max {(0/95.2)nY"%,0 },

where all quantities are in nautical miles.
2.3.2 Resolution Cells

Radar models options 3 and 4, to be defined in subsections 2.3.8
and 2.3.9, require the partitioning of targets into resolution cells.

The input parameters necessary to .describe this are

e ® , minimum horizontal discrimination angle taken to be identi
cal with the horizontal one-way, 3-dB-power beamwidth;

e O , minimum vertical discimination angle taken to be ‘identical
with the vertical one-way, 3-dB-power beamwidth;

e A, minimum range discriminatidn;

e Y , mimimum closing speed discrimination.

The values of these parameters are used only if the radar involved
has the particular implied discrimination.

Let ¢ , where ¢ €[0,2T ), be the horizontal angle of the target as

in Fig. 2.3.1-1 and define the apparent vertical angle above the horizon
of a target to be

8§ = arctan{ z/D - [ (Dl/2/95.2) - (h/D)l/2]2} , 8 ¢ [-m,m).
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Fig. 2.3.1-1 Definition of target coordinates

Assume that the radar is traveling with velocity V_ and that the
target is traveling with velocity V,_, consulting Fig. 2.3.1-1 for the
definition of u and R. Choose uniformly distributed angles ¢ and 6 .
Define the resolution coordinates § of a target as r r

o - (¢—¢r)mod(0,2ﬂ) ' (G—Gr)mod(—ﬁ,ﬂ) Ar| (VT—VR)'u
o 0 A

Y

where $¢A? is the largest integer not exceeding A.
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Assume that there are N targets above the radar horizon. A par-
ameter applying to a target when subscripted will refer to the target
with that subscript. Targets j'and k are said to be in the same reso-
lution cell if and only if @, = Q . Since ., = @ is an equivalence
relation between j and k, tha resolution cellg form a partition of the
set of targets. Assume that the partition consists of M sets B ; B
«esy B . Then, if § € B and k € B_, targets j and k are in resoluglon
cell s. Define ¢* to beSthe horizofital angle to the center of the hori-
zontal sector defining B , and define 6* to.be the vertical angle to the
center of the vertical s&ctor defining 8 . Define G as the set of all
target numbers that are jamming on the frequency of the radar. Figure
2.3.2-1 provides an example of these deflnltlons where for s1mp11c1ty
only & and A are applied.

2.3.3 Radar Cross Section

The radar cross section of each target is computed as a function of
its aspect angle ¥ with respect to the radar, where

¥ = arccos T .

2.3.4 Signal Energy

The expected signal energy E from a target is proportional to the
mean cross section ¢ of that target and inversely proportional to R .
It is also proportional to the square of the one-way-power horizontal
and vertical gain functions of the radar evaluated at the direction in
which the radar is pointed. With Cl defined as the proportionality
constant,

2 -
=C GHGVGR

2.3.5 Noise Energy

Define C2 to be the receiver ambient noise.

The expected noise energy N from a broadband gaussian noise jammer
is proportional to the rms noise energy J at the jammer, inversely pro-

portional to R®, and proportional to G _ and G evaluated at the dir-
ection in which the radar is pointed. HWlth C defined as the proportion-

ality constant,

=C.J R <.
C,3G, G
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8, = [3, 1] M= [7]

Fig. 2.3.2-]1 Partitioning of targets into resolution cells




2.3.6 Radar Model Option 1
At the time of the SCAN a target is declared detected by a radar if
e the target is within a specified maximum range of the radar,

® the target is within a specified horizontal angular sector
specified about the radar, and

e the target is above the radar horizon of the radar.

2.3.7 Radar Model Option 2
At the time of the SCAN a target is declared detected by a radar if
® the conditions of Option 1 are satisfied and
e the target is within a specified vertical angular sector speci-
fied about the radar.
2.3.8 Radar Model Option 3
At the time of the SCAN a target is declared detected by a radar if
® the conditions of Option 2 are satisfied and
® a Monte Carlo trial based on a calculated probability of detec-
tion PD indicates a detection.
An outline of the calculation of the probability of detection P

is as follows. For target k the signal energy for 2D radars is

Ek = chV(ek)o(‘l’ )R

and for 3D radars is

-4
Ek = ClCF(‘l"k)Rk .

The noise energy for 2D radars is

. -2
N =C, +C, }: (3 € 6) 13,6, (9 ¢)G, (6)R"]
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and for 3D radars is
. =2
N =C,+C, D (e (9,6, (0,006 (8, -0 )R] .
The signal-to-noise energy ratio is
pk = Ek/Nk .

Then the probability of detection P_ is calculated as a function of pk,
the false alarm probability of the radar, and the number of pulses inte-
grated for a detection decision. This is done under the assumption of a
Marcum and Swerling type-3 target.

2.3.9 Radar Model Option 4

At the time of the SCAN, a target is declared detected by a radar
if

® the conditions of Option 2 are satisfied and

® a Monte Carlo trial based on a calculated probability of detec-
tion PD indicates a detection.

An outline of the calculation of the probability of detection P_ is as
follows. Option 4 differs from Option 3 in that the signal energy is
calculated for resolution cell s, summing over all targets in s rather
than a single target k. Similarly, the noise energy for Option 4 is
calculated with reference to the center of resolution cell s, represen-
ted by (¢;, GS), rather than target position (¢k,9k) as in Option 3.

For resolution cell s the 'signal energy for 2D radars is

* 2 -4
E_=C, Z (k € B)) [65(6,)0(¥)R"]

and for 3D radars is

* 2 kD * -4
Es = C1 :E: (k € Bs) [GV(¢k_¢s)GV(ek—es)o(wk)Rk 1.



The noise energy for 2D radars is

o , * -2
N_=C, +Cy }E: (j € G) [JjGH(¢j-¢S)GV(9j)Rj ]

and for 3D radars is
| ) * * -2
+C, E (j € G) [JjGH(d)j-cbs)GV(ej-es)Rj 1.

*
NS = C2

The signal-to-noise energy ratio is:
* * *
= N .
Ps Es/ s

*
Then the probability of detection P_ is calculated as a function of ps,
the false alarm probability of the radar, and the number of pulses inte-
grated for a detection decision. This is done under the assumption of a

Marcum and Swerling type-3 target.
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2.4 Characterization of a Defensive Weapon System

The specification of the battle scenario used to initiate the sim-
ulation includes a characterization of each defensive and offensive unit.
The description of a defense unit includes a description of its weapon
systems, each of which is modeled as consisting of a missile, a launcher,
a missile magazine, and an associated missile guidance system. Although
a unique association exists between launcher and missile magazine, a given
missile guidance system may service a number of inidvidual launchers. To
simplify bookkeeping within the simulation, a weapon component is classi-
fied by function (launcher, missile, or guidance) and by function type.
For example, if seven launcher types are defined for the task force for
a particular game play, the launcher configuration of any defense unit is
specified simply by stating the type (from among the seven) and position
of each launcher carried by the unit.

The following four sections are a description of the properties
which characterize each of the four parts of a weapon system in this model.
(A more complete discussion of these is found in Ref. 2.)

2.4.1 The Surface-To-Air-Missile

A SAM missile type is described by the following missile character-
istics:

e minimum and maximum intercept ranges,
e performance envelope,

e time-of-flight data,

® lethality data,

® replacement cost.

2.4.1.1 Missile Intercept Range and Performance Envelope

The minimum and maximum missile intercept ranges together with the
missile performance envelope define a solid of revolution about an ori-
gin, usually the position of the launcher, which may be interpreted as
the set of points in space for which the probability of a SAM fired from
the origin killing its assigned target is roughly the design constant.
Outside this region, if a missile did intercept a target, a target kill
would be unlikely. Therefore the model considers a missile for commit-
ment to an established enemy track only when the projected point of in-
tercept falls within the missile's performance envelope. Figure 2.4.1.1-1
illustrates a vertical-half-plane section of an example of a missile per-
formance envelope with minimum and maximum missile intercept ranges.
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Fig. 2.4.1.1-1 - Vertical-half-plane section
of a missile performance envelope

The fire zone sector is usually 360°, indicating full coverage, but
it may be limited to any range by specifying a right-hand boundary with
respect to the heading of the defense unit and the width of the desired
section, measured in degrees counterclockwise from the right-hand
boundary.

2.4.1.2 Missgile Time of Flight

The length of time required for a missile to reach a given point
within its performance envelope following launch is calculated from the
missile's time-of-flight data. Figure 2.4.1.2-1 is an example of the
type of information that may be inserted into SPEARS to represent mis-
sile time-of-flight.
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Fig. 2.4.1.2-1 - Missile time of flight as a function
of horizontal range and altitude
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2.4.1.3 Missile Lethality

The lethality of a missile type is interpreted in terms of the
probability that a SAM launched against an enemy track scores a kill at
the calculated time of intercept and in terms of the length of the sub-
sequent time-to-die period experienced by the intercepted attacker.
These values will vary according to the type of attacker intercepted, so
each attacking unit in an enemy raid is characterized by an identifying
vulnerability group index. The lethality data therefore for a given
missile type consists of the specification of a probability of intercept
and a probability distribution for the time-to-die random variable.

The time to die, defined as the length of time between intercept of
an enemy unit and its actual demise, is considered to be a random, vari-
able with either an exponential or log-normal probability distribution,
as indicated by the user.
2.4.1.4 Missile Replacement Cost

As implied, the missile replacement cost is the cost to replace a
missile of this type. ’

2.4.2 The Launcher and Its Magazine

A launcher type is defined by specifying the

® associated missile type,

® missile magazine capacity,

e number of rails,

e interrail firing delay,

e reload cycle time, and

e activation dalay.

In addition to the properties associated with its launcher type, each
individual launcher carried by a defense unit is characterized by

e position and
e fire-zone sector.
2.4.2.,1 Missile Type and Magazine Capacity

Each launcher is serviced by only its own missile magazine, which
contains missiles of a single designated type. When its magazine is
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émptied, the launcher becomes unavailable for the remainder of that play
of the game. :
2.4.2.2 Launcher Time Delays

The interrail firing delay is the time between two successive shots
from two fully loaded, adjacent launcher rails. The launcher activation

- delay is the time required by the launcher firing circuit to discharge a

missile once it has been initiated. The reload cycle time is the time
necessary to load all rails of an empty launcher.

2.4.2.3 Position

The position of a launcher is expressed in terms of the coordinate
system for the local defense unit, where the center or specified posi-
tion of the unit is taken as the origin.

2.4.3 The Missile Guidance System

A missile guidance system, capable of supporting at least one de-
fensive missile-track assignment at any given time, is represented with-
in the simulation by a collection of one or more constructs called guid-
ance channels. Each guidance channel embodies the ability of the system
to handle a single missile assignment. Physically a guidance channel
might represent a director/illuminator tracking radar set as in a dual-
simplex guidance scheme, where two such radars are used in conjunction
with a single SAM launcher. In this situation a guidance channel is
committed to a single engagement from track acquisition and missiel
launch to intercept and kill evaluation, after which the channel is
freed and available for reassignment. Thus a dual-simplex guidance
system, with its two guidance channels, can handle at most two missile-
track engagements at any one time. In a more advanced system involving
a multifunction-phased-array radar coupled with a computer the physical
interpretation of a guidance channel is more difficult. As the multi-
function aspect of the radar indicates, it may divide its time between
surveillance, tracking, and the guidance of a number of simultaneous
missile-track engagements. Each guidance channel then might represent
the data-processing capability within the system required to guide a
single missile.

A weapon guidance system is classified by weapon guidance group
type, each group type being characterized by specifying:

e number of guidance channels in group,
e inflight guidance state vector,

e guidance constraint array.

2-15
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2.4.3.1 Inflight Guidance State Vector

The rate at which data are transmitted between an active missile
and its guidance system may vary as a function of the distance of the
missile from its target and the time remaining before anticipated inter-
cept and subsequent guidance release. A change in the data rate while
the missile is in flight initiates a new missile guidance state. These
transitions in guidance data rates are specified by means of an inflight
guidance state vector whose components are the lengths of time, given in
seconds, the missile spends in consecutive guidance states during the
course of the engagement. Working backward from time of release the
first entry in the guidance state vector denotes the kill evaluation per-
iod which commences upon missile track intercept and is terminated by the
release of the guidance channel from the assignment. The second entry
gives the time spent in the transition period immediately preceeding in-
tercept. Each successive entry backs up in time to its predecessor and
represents the time spent in a different guidance state.

A simple example is the case of a semiactive, homing-all-the-way
missile system. Since no data rate transition occurs during the flight
of such a missile, the inflight guidance state vector would contain a
single entry, specifying the length of the kill evaluation period.
Another example is a missile system having inflight initial,midcourse,
and terminal homing guidance phases, where the initial phase remains un-
specified, the midcourse phase lasts 40 seconds, the terminal-homing
phase runs 15 seconds, and the kill evaluation time is 5 seconds. The
corresponding inflight state vector would be

- 40

2.4.3.2 Guidance Constraints

The number of guidance channels available to a missile guidance
system as represented by a guidance group places an upper bound on the
number of missile assignments the system can process concurrently, How-
ever, physical characteristics of the hardware in the system and other
considerations may dictate additional constraints on the number of mis-
siles the system can handle in various stages of flight at any one time.
For example, in the multifunction-phased-array radar system some restric-
tion is necessary to reflect the physical limitation over time of the
energy available to tracking and guidance as opposed to competing func-
tions such as surveillance. These constraints are expressed by a system
of guidance constraint equations, to be discussed below.
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Define the initial state or state 1 of a missile-track assignment
to be that period from time of assignment until time of launch. Let
state 2 commence at time of launch and continue until the assignment -
enters the guidance period represented by the last entry (40 in the
example of the preceding subsection) in the guidance state vector, which
becomes state 3. The next to the last entry in the guidance vector is
state 4, and so on. If the number of components in the guidance state
vector is NSTATE, then the first component, the klll assessment perlod
represents state NSTATE + 2. Let

si(t) = number of guidance-group missile assignments
in state i at time t.

Then
(2-1)
s(t) =

Systate + 2¢°

represents the guidance-group missile assignment vector at time t. Con-
sequently the guidance-group constraints may be expressed by the system
of inequalities

A s(t) < N.C, (2-2)

where
A = constraint coefficient matrix (NROW by NSTATE + 2),
NROW = number of constraint equations,
S(t) = guidance-group missile assignment vector,

N, = number of active guidance.channels in the guidance
group at time t,

C = constraint vector (NROW by 1).
Any contemplated missile assignment must satisfy these constraint equa-
tions from the proposed assignment time through the calculated release

time. Since potential-assignment constraint evaluations are made under
the assumption that currently active channels will remain so for the
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duration of the proposed assignment, any subsequent random failure or
battle-inflicted damage experienced by one or more guidance channels

will result in immediately more restrictive constraint equations (through
the value of the parameter N, ) and may force premature termination of

one or more currently held assignments.

As an example consider a hypothetical guidance system having a
single midcourse guidance transition occuring 10 seconds prior to antici-
pated intercept and consider a kill evaluation period lasting 6 seconds.
Let A denote the number of assignments at any given time in the assign
phase (state 1), M the number of assignments in the midcourse phase
(state 2), F the number of assignments in the terminal phase (state 3),
and E the number of assignments in the evaluation phase (state 4).

Assume the guidance constraints which must be satisfied throughout SAM
flight time by the N guidance channels within the system to be.
A+M+T+E< 8N

and
A+ 3M+ 7T + 2E < 14N

The guidance constraint parameters for a guidance group represen-
ting this system are

NSTATE = 2

NROW =

14

The guidance constraint equation (Eq. 2-2)) is
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where Nt is the number of active channels at time t.

2.5 The TEWA Event
2.5.1 Weapon System Availability

A weapon system within the simulation consists of a launcher, a
missile magazine, and an associated missile-guidance channel. A launcher
or a guidance channel is available for assignment at current game time t
if it is active and not currently assigned to another task. In addition
a launcher must also be loaded or possess a nonempty missile magazine.

A launcher or guidance channel is considered active if it is operable and
all game components on which it depends are operational. (The operabil-
ity of game components and their functional dependence on one another are
discussed in Ref. 3.) Thus a weapon system is available for assignment
at current game time t if both a launcher with a nonempty magazine and
at least one of the guidance channels within its associated guidance
system are available for assignment.

If no weapons aboard the defense unit are currently available and
will not become available within the current TEWA interval [t, t + re-
evaluation delay], the TEWA event is rescheduled for the conclusion of
the TEWA interval. If no weapon systems are currently available but one
or more will become so during the current TEWA interval, a TEWA event is
scheduled for the earliest time of weapon availability and the current
TEWA event is terminated. If at least one weapon system is currently
available for assignment and at least one active established hostile
track is held by the unit, the feasibility of all possible available
weapon-established track assignments is then determined.

2.5.2 Feasibility of Assigning a Weapon System to a Track

The assignment of an available weapon system to an established
track is feasible if: :

e the track is within the weapon assignment range,
e the assignment would not violate the weapon~system guidance

constraints for the entirety of the system's commitment to
the track.
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For a given weapon system and established hostile track, the weapon
assignment range is determined as in a preceding subsection using the
missile maximum-range volume to ascertain the possibility of intercept.
If intercept is not possible, then this weapon is removed from consid-
eration for assignment to the given track during the current TEWA event.
If intercept is possible within the missile maximum-range volume given
weapon assignment at current time t, then the predicted point of inter-
cept is checked for inclusion in the missile performance envelope. If
this test is met, and if the point of intercept also falls within the
launcher fire zone sector (360° in the usual case of full coverage), then
the associated weapon-system guidance constraints are examined for pos-
sible violation at any time during the proposed assignment.

2.6 Threat Evaluation and Weapon Assignment (TEWA)

Evaluations of the threat posed to the task force by an incoming
enemy air attack and subsequent decisions either to wait or to take im-
mediate action against one or more detected attackers are made within re-
curring threat-evaluation-and-weapon-assignment events, but also depend
on information generated by related event occurrences. The following sub-
sections describe the approach used within the simulation to define sim-
ulation event types, determine when an established track is within weapon
assignment range, establish the feasibility of a proposed weapon-track
assignment, evaluate the threat of a hostile track, and choose appropriate
defensive action in accordance with the measure of effectiveness adopted
for the task force.

2.6.1 Event Types

Each significant change in the state of the system described by an
event sequence simulation is represented within the simulation by an
event, with a play of the game or run of the simulation consisting of a
sequence of occurrences of such events. The execution of a single event
in the simulation event calendar may change the value of an attribute of
a game element, create or destroy an element, or initiate or terminate
element activity. Each event in the AAW simulation is characterized by
its event type, two event parameters, and the time at which the event is
to occur. The event types defined within the model may be classified
according to function into four general categories:

e target motion events,
e radar detection and tracking events,
e threat evaluation and weapon assignment events,

e kill, damage, and disablement events.



The event types involved primarily with threat evaluation and
weapon assignment (TEWA) are listed below. Each event type is identified
by name, two event parameters in parentheses, and a brief description of
its function.

e TEWA (defense unit number, free parameter): Recurrent threat
evaluation for subsequent weapon assignment by a specified defense unit.

® ASSIGN (guidance channel number, track number): Assignment of a
specified SAM weapon system to an established track.

e LAUNCH (guidance channel number, track number): Launch of a des-
ignated SAM against an established track.

® INCPT (guidance channel number, track number): Intérception of
an established track by a SAM.

e RELEASE (guidance channel number, free parameter): Release of a
specified weapon—-guidance system from its current assignment.

e TRANSFER (guidance channel number, track number): Transfer of a
specified SAM assignment to a new track prior to intercept of the old
track. :

e DROP (guidance channel number, track number): Termination of a
specified SAM assignment prior to launch.

® ABORT (guidance channel number, track number): Termination of a
specified SAM assignment while the missile is in flight.

® COMEIN (defense unit number, track number): Penetration of the
weapon assignment range for a specified defense unit by the designated
track.

® OUTGO (defense unit number, track number): Exit from the weapon
assignment range for a specified defense unit by the designated track.

2.6.2 Weapon Assignment Range

Threat-evaluation-and-weapon-assignment activity within the simula-
tion is initiated on the first appearance of an established track within
the weapon assignment range of any task-force defensive unit. An enemy
attacker is considered within weapon assignment range of a particular
defense unit at a given time t if there exists at least one weapon system
aboard the unit with missiles capable of intercepting the attacker on its
current flight path were it to be assigned to that target at time t. The
weapon assignment range is specified for a target-and-defense unit in
terms of the earliest and latest times at which one or more defense unit
weapon systems can be assigned to the attacker on its current flight path
and achieve intercept. The weapon assignment range of each active defense
unit in the task force in relation to a given target is determined during
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each occurrence of a series of NODE events associated with the attacking
unit.

For each missile type carried by the defense unit, an initial cal-
culation is made to determine the points of penetration of the current
offensive unit flight leg into the missile maximum-intercept-range volume.

If an offensive unit will enter and/or leave the weapon assignment
range of a given defense unit during the current node-to~node time inter-
val as indicated by the earliest and latest weapon assignment times cal-
culated for the defense unit, the current NODE event schedules a COMEIN
event and/or OUTGO event in the game calendar for the appropriate time or
times. The execution of the COMEIN event flage the offensive unit to be
within the weapon assignment range of the specified defense unit, and the
execution of the OUTGO event marks its exit from the assignment range by
removing this designation.

2.6.3 The TEWA Event

Task-force threat evaluation and weapon assignment (TEWA) takes
place within recurring TEWA events scheduled for individual defense units.
Associated with each defense unit are one or more TEWA reevaluation time
delays which are specified as input during game initiation. These TEWA
delays are used by the TEWA event to reschedule itself acgording to the
outcome of eech TEWA event execution.

The initial TEWA event for a given defense unit occurs the first
time an attacker detected by the unit enters its weapon assignment range.
Recall that the penetration of a defense unit's weapon assignment range
is signaled by the occurrence of a COMEIN event, independently of the
detection status of the attacker with respect to the defense unit. Once
initiated, the TEWA event for each defense unit becomes a recurrent event,
rescheduling itself according to one of its several reevaluation time
intervals.

TEWA event execution for a given defense unit begins with a determin-
ation of all active, established tracks held by the unit currently with-
in its weapon assignment range. If none are found, then the TEWA event
for this defense unit is rescheduled for current game time plus a TEWA re-
evaluation delay. If established tracks are within range, then the a-
vailability of weapon systems aboard the defense unit is assessed.

Associated with each guidance group is a guidance state vector whose
NSTATE components are the lengths of time the missile spends in consec-
utive guidance states during the course of an assignment. The first com-
ponent represents the full assessment period beginning with intercept and
ending with guidance release, the second entry the guidance phase just
prior to the anticipated intercept, the third component the preceding
contiguous guidance state, and so on, with the initial guidance state
immediately following launch not included in order to avoid the problem



of allowing the guidance state vector to specify the entire missile time
of flight for every assignment with the weapon system.

State 1 of a missile assignment is defined to be the period from
assignment until launch, state 2 the time from launch until the first
data rate transition state as represented by the last entry in the guid-
ance state vector, and so forth, with state NSTATE +2 being defined as
the kill assessment period terminated by release of the assignment.
Thus, as given by Eq. (2-1),the guidance-group missile-assignment vector
is

g(t) 1,

[sl(t), s2(t), cey S(t)NSTATE + 2

where

si(t) = number of guidance-group missile assignments in
state i at time t.

To evaluate the effect of the contemplated missile-track assignment
on the system guidance constraints, the constraints are evaluated at
each point in time during the proposed assignment period at which a
change would occur in any component of the guidance-group missile-
assignment vector. To illustrate this procedure, consider a hypotheti-
cal missile system with a guidance state vector

4
G = 9

and launchers with an assign-to-launch time of 3 seconds. Assume two
missile assignments with associated guidance channels 1 and 2, and

assume the following time schedules (game time) are currently in progress:

channel 1 channel 2
Assignment at 7 seconds at 12 seconds
Launch 10 15
Midcourse transition 31 46
Intercept 40 55
Release 44 59
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These schedules were calculated from the computed missile time of flight
for each assignment and the guidance state vector. For instance, in the
case of channel 2, an assignment contemplated for the then current game
time t = 12 anticipated a missile time of flight (launch to intercept)
of 40 seconds. BAs assign-to-launch period of 3 seconds placed launch at
t = 15 and thus intercept at t = 55. Using the first entry in the
guidance state vector, release was set at t = 55 + 4 = 59, and working
backward from time of intercept with the second vector component gave a
midcourse transition at t = 55 - 9 = 46.

Let current game time t = 21 and the proposed missile assignment
schedule be:

channel 3
Assignment at 21 seconds
Launch 24
Midcourse transition 32
Intercept 41
Release 45

Consider the state table presented as Table 2.6.3-1, constructed by
combining the schedules of missile assignments 1 and 2 and proposed
assignment 3 and then ordering the entries according to time. For any
given time t the value of the guidance state vector

S'(£) = [s,(£), s,(t), s,(t), 5,(8)]

can be computed readily from the state table (Table 2.6.3-1). For ex-
ample, at the proposed assignment time and current game time of t = 21
the assignment vector is

s'(21) = (1, 2, 0, O),

since the proposed assignment would be in state 1 and current assignments
1 and 2 are both in state 2. However, the assignment vector need be
tested under only the guidance constraints for each change during that
period for which the considered assignment would be in effect for it is
assumed the constraints are satisfied prior to current game time. The



Table 2.6.3-1 Hypothetical Time Schedule for Two Missiles

Time (s) State Entered
7 1 (assignment - channel 1)
10 2 (launch - channel 1)
12 1 (assignment - channel 2)
15 2 (launch - channel 2)
21 1 (assignment - channel 3)
24 2 (launch - channel 3)
31 3 {(midcourse - channel 1)
32 3 (midcourse - channel 3)
40 4 (intercept - channel 1)
41 4 (intercept - channel 3).
4 3 3 (midcourse - channel 2)
44 release (release - channel 1)
45 release (release - channel 3)
55 4 (intercept - channel 2)
59 release (release - channel 2)

assignment vector values of interest then, as bracketed by arrows in
Table 2.6.3-1 are

s'(21) = (1, 2, 0, 0),

s'(24) = (0, 3, O, 0),
s'(31) = (0, 2, 1, 0),
§'(32) = (0, 1, 2, O),
S'(40) = (Or 1, 1, l)l
s'(41) = (0, 1, 0. 2),

s'(43) = (0, 0, 1, 2).

Note the constraints need not be tested when the change in a component
is due solely to the release of an assignment. If the constraints

- S(t) <
A-S(t) < NC

are not violated upon evaluation with each of the assignment vector
S'(21) through S'(43), then the constraints are satisfied for the dura-
tion of the proposed missile-track assignment. (If the constraint
matrix is generalized so that its elements are functions of game time t,
then the verification of the constraint inequalities for the duration of
the proposed assignment, while feasible, is more complicated.) Again,
future attrition of currently active guidance channels could cause the
constraints to be violated at a later time and result in the cancelation
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of one or more currently held assignments. However, if the constraints
are satisfied at this point for the proposed assignment period, the as-
signment is considered feasible and held for further consideration.

2.7 Vulnerability and Reliability of Defensive Units
2.7.1 The Need For Consideration

During the last decade much attention has been given to the asses-
sment of the relative utility of various weapon systems employed in the
defense of a naval task group under air attack. Although it is acknowl-
edged that at least a few missiles might penetrate the group's defenses
and thus erode its defensive capability, the precise manner in which
this erosion should be incorporated into the utility function has re-~
mained an open question. SPEARS makes it possible to bring both the
defensive capability and the vulnerability of the group's weapon system
into one utility function. i

/

2.7.2 The Utility Function

In SPEARS the amount of damage may be included in a global measure
expressed as a cost having three terms. The first term is the cost of
repairing (or replacing) all systems that are damaged during the battle
and those systems that become inoperable because of random failures; the
second, which is more subjective, is a cost reflecting mission capability
to the fleet in terms of those systems that become inoperable for a per-
iod of time; and the third accounts for ordnance expended by the group
during an engagement. Such a measure is a function of many variables,
including the number of enemy air-to-surface missiles that penetrate
the fleet's defenses, the number of vessels that become immobile during
the battle, and the percent impairment of the fleet's defenses. Of
course, the relative weighting of the different variables will depend
on the mission of the group.

The defensive capability of the group is reflected in the utility
function through estimating the cost of damage caused by each penetra-
ting missile. This estimation is performed for each penetration at the
time of detonation. In a parallel computation the model allows for the
determination of those subsystems which have become inoperable. An
operable system becomes inoperable through damage, random failure, or
dependency on another aystem that has become inoperable. Moreover an
inoperable system becomes operable through repair or replacement. As
the game progresses, the operability states are altered as these
system-oriented events occur. In each subinterval of time, the defen-
sive capability of the fleet is assessed through an examination of all
such operability states. It is through this mechanism that the damage
sustained by the group is reflected in its defensive capability and thus
in the utility function.



2.7.3 Approach To Problem

The characterization of the vulnerability of an element to detona-
tions of enemy air-to-surface missiles is difficult. A detonation can
be interior to the ship structure or exterior to the ship structure,and
in the latter case the detonation can be in the air or beneath the
surface. The vulnerability of an element to a particular detonation
will depend on, among other things, the distance between the element
and the detonation and the nature of the medium between the two. The
medium is important because it determines how the effects of the detona-
tion propagate from the initial point to the element. One can envision
the magnitude of computing the effects of the variety of media on the
propagation of the detonation. 1In this model no attempt will be made to
carry out such computations, the primary reason being that such computa-
tions are beyond the scope of this model and the secondary reason being
that the knowledge of many aspects of these computations is sparse.
However an attempt has been made to develop a characterization of the
vulnerability of an element that will meet the following specifications:

e For a given detonation the characterization should yield the
probability that the element is damaged, and, if the element is damaged,
the characterization should yield the degree of the damage;

® The characterization should require only those inputs for which
realistic approximations are available;

® The results obtained through the characterization should be con-
sistent with results obtained through experimentation;

e The characterization should be sufficiently elementary to be used
in conjunction with a large computer simulation.

As was indicated, a detonation and an element can be separated by
many different media. The simplest case arises when the detonation oc-
curs in the air, the element under consideration is exterior to the ship
structure, and the element is in an unobstructed line of sight from the
detonation. In this case a good measure of how the effects of the det-
onation propagate to the element is the peak overpressure at the element
that is induced by the detonation. If the detonation occurs exterior to
the ship's hull and beneath the surface, an accepted measure of the
severity of the blast on an element at a given location is the keel shock
factor. An empirical relationship exists between equivalent peak-
overpressure and keel-shock-factor levels, two levels being equivalent
when the expected amount of damage is the same.

The two cases most difficult to treat are the case in which the
detonation occurs outside the ship in the air and the element is inside
the ship structure and the case in which the detonation occurs inside
the ship structure. However in this model it is assumed that for each
detonation an estimate of the severity of the blast for each element
aboard the ship is available and that this estimate is a function of the
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size of the warhead being detonated, the distance between the detonation
and the element, and the nature of the medium between the two points.
Moreover it is assumed that regardless of the particular measure of the
severity of the blast that is being employed an equivalent peak-
overpressure level can be computed.

2.7.4 The Events

From a conceptual standpoint, all computations are partitioned in-
to the areas

e damage assessment,
¢ random failures,
® estimation of costs,
® estimation of repair times, and
e treatment of dependencies.
These areas are treated within seven eventtypes:

e Event FAIL - An element fails as a consequence of a random
malfunction of that element. The game time at which a FAIL
event occurs for an element is assumed to be independent of the
on/off and up/down states of that element. If the element is
operable when a FAIL event occurs, the element becomes inoperable,
but if an element is down when the event occurs, the degree of
inoperability of the element is compounded by the occurrence of
this FAIL event.

e Event DAMAGE - An element is damaged by a detonation of an air-
to-surface missile. The DAMAGE event is processed in precisely
the same way as a FAIL event. The distinction between the two
events lies not in how they are processed but rather in that
whereas FAIL represents the consequences of a random fault, DAMAGE
is the effect of an IMPACT event.

e Event DOWN - An element becomes inoperable as a result of a
DAMAGE or FAIL event. If possible, a repair cycle is scheduled
to be initiated at a future time. A DOWN event may still occur
for an element already in a down state as a consequence of an
earlier DOWN event, in which case the scheduling of repairs may
be affected.

e Event UP - The repair cycle for a disabled element is completed.
However, if the element is awaiting the initiation of additional
repairs as a consequence of a new DOWN event, the completion of
the current repair cycle does not change the down state of the
element to up.
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Event REPAIR - A repair cycle for a disabled element is initia-
ted. If the element was being repaired at the instant prior to
the time of the current REPAIR event, a new repair cycle is be-
gun with a compounded repair rate which reflects the multiple
disablements.

Event OFF and

Event ON - The OFF event indicates that an element has become
inoperable by setting the on/off state of that element to off.

In addition it schedules OFF events for all elements dependent

on the given element for thier own operability. Similarly, an
ON event indicates that the given element and all elements upon
which it depends are now operable. Although OFF (and ON) events
are the most elementary of all events in the model, in terms of
the game they are of primary importance, for these events deter-
mine the available weapon systems which can be employed for fleet
defense as a function of time. Thus, the set of on/off states of
all elements belonging to all ships yields the state of readiness
of the fleet.
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3. BLOCK STRUCTURE OF THE SIMULATION MODEL

The SPEARS simulation model consists of two separate computer
programs: the Pregame Processor (PGP) and the Main Simulation Processor
(MSP). The two programs are linked by Replication Data files written on
a magnetic tape. This model structure allows review, modification, and
correction of input data as required prior to execution of the game sit-
uation, or the programs may be run back-to-back if desired.

As shown in Fig. 3-1, the PGP is made up of a number of "generator"
routines, each of which processes a portion of the PGP input card deck as
described in Appendix A. The Type Generator and Boolean Function Genera-
tor add to or modify the standing data base of recurrent offense and de-
fense system characteristics.

The Defense Generator, Sector Generator, Option Generator, Environ-
ment Generator, and Communication Generator combine data from input cards
and from the Type Data base to produce individual defense units. In the
Defense Generator, the ship type and position coordinates of each unit
are defined with cards of Type DF. The Sector Generator allows restric-
tion of surveillance radar search sectors and of launcher fire zones as
well as specification of launcher salvo sizes. The simulation model
options desired for each surveillance radar and for each guidance channel
group (tracking radars) may be specified in the Option Generator. The
existence of each ship-to-ship communication link at the outset of the
game and the specification of those links subject to disruption are de-
fined by inputs to the Communication Generator. The Environment Genera-
tor accepts input specifying wind speed at a given altitude and the
nominal reflection coefficient of the ocean surface.

The Raid Generator combines numerous kinds of input cards with the
Type Data base to produce individual offense units and their piecewise
linear flight paths. Both impacting and nonimpacting target types are
described, and the pairings of (impacting type) offense weapons with in-
dividual defense units are specified.

Numerous checks for data validity are made throughout the generator
routines, and error messages are printed as appropriate. In addition a
final overall data-consistency check is made following completion of card
inputs to the PGP. A summary of the input data and the resulting defense
and offense units is then printed.

Depending on a PGP control card option, the revised Type Data may be
written (rewritten) on the first file of the Type/Replication tape. If
the input data have been found to be error free, a Replication Data file
will also be written as specified on the PGP control card. At this point
the game inputs may be reviewed by the responsible analyst.

The MSP combines various input data cards (Appendix A) with the

specified Replication Tape file to produce a game situation ready for
play. Certain pregame data may be printed if desired, as may the
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occurrence of selected event types throughout one or more replications.
A summary listing is produced at the conclusion of each play of a game
situation (after each replication). After the final replication has
been made, an overall game summary is produced, similar in format to
the individual replication summaries.

Should additional replications of a game situation be desired after
review and analysis of the MSP outputs, they may be obtained easily by
reuse of the Replication Data file and appropriate modifications to the
MSP input card deck (e.g., the replication numbers desired and the ran-
dom number generator initialization).
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4. THE PREGAME PROCESSOR
4.1 Initial Setup of the Model

Two tasks are involved in making initial preparations to use the
model. First is the adaptation of both parts of the simulation program,
the Pregame Processor (PGP) and Main Simulation Processor (MSP), to the
computer to be utilized. This involves choosing the dimensions of
various arrays, compiling program subroutines, and producing suitable
versions of the two short machine-dependent interface routines in each
program. The second task in preparing for production consists of using
the PGP to establish a data base of various types of frequently used
component and system descriptions. For example, once a SAM missile type
has been defined (including its performance envelope, time-of-flight and
lethality characteristics), that definition will be saved on a magnetic
tape file of Type Data prepared by the PGP from which it may be easily
retrieved for use at any later time.

The TEWA functions are not presently operating within the TDHS ver-
sion of the model, so the storage arrays associated with those functions
are assigned minimum dimensions in order to conserve the amount of core
space occupied by the simulation program.

4.2 Adaptation to a Particular Computer Installation

The model makes use of a number of packed lists as specified in
Appendix B. The virtue of the packed-list format over the whole-word
format is that it achieves more-than-an-order-of-magnitude savings in
core space requirements for the data it contains. The array dimension
to be associated with each such packed list depends on the word length
(in bits) of the computer being used. The procedure for dimensioning
these arrays for a given machine word length and model capacity is
specified in Appendix D. Several types of input and control data include
20-character alphanumeric (name) fields. Successful handling of such
name fields requires assigning a value to the parameter N20BCD in common
block 10 (Appendix C); this same numerical value must then also be used
as the first dimension of each of the alphanumeric arrays in common
block NAMES. Also, certain FORMAT specifications must be changed to
correspond with the value assigned to N20BCD; the nature of these changes
is described in Appendix D.

Two machine-dependent routines in both the PGP and the MSP are
GETBIT and MOVE. They are required for the storage and retrieval of
integer data contained in the various packed lists. Both routines
involve masking and shifting operations which should be accommodated
readily on any computer. The GETBIT routine has an entry point (which
is not USA Standard) called PUTBIT. Most FORTRAN compilers will accept
this deviation from the USA Standard easily. If difficulty is encoun-
tered, GETBIT may be broken into three separate subroutines--GETBIT,
PUTBIT and a new routine which would consist of the majority of the
present GETBIT routine.
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The most important parameter in GETBIT is IWL, the integer word length
(in bits) of the machine being used. Each packed list is considered to
be a contiguous string of bits, and the machine word length is of course
required to set up addressing pointers within the list. Adaptation of
GETBIT/PUTBIT and MOVE to the computer to be used will be easy for a
programmer familiar with the chosen computer, requireing no more than a
few hours of effort.

Together the PGP and the MSP contain approximately 16,5000 punched
cards. However the PGP and the MSP need never occupy core storage sim-
~ultaneously, as explained in this and the following section. The pro-
gram decks are heavily annotated with comment cards describing the
purpose of each routine, defining the variables used, and explaining
significant operations within each routine. Once the array dimensions
have been established both the PGP and the MSP should be compiled, and
compilation listings (with multiple copies as appropriate) and object
code (binary) card decks should be obtained. Virtually any FORTRAN
compiler should accept the routines written in USA Standard FORTRAN with
few compilation difficulties.*

4.3 Establishing a Data Base

Much of the data needed to define the characteristics of the offense
and defense units in a typical AAW engagement are recurrent; once they
have been defined, the data may be reused repeatedly in the specifica-
tion of many similar engagements. To facilitate reuse and revision of
such data, the model allows for saving several categories of data on a
magnetic tape file from which they may be easily recalled. The Type
Generator (TYPGEN) routine within the PGP allows addition to, or revi-
sion of, the data base by means of punched card inputs. The two primary
categories for which Type Data may be defined are: Ships or Defense
Units (including AEW aircraft), and Targets or Offense Units.

4.4 Generation of Ship Types
4.4.1 Ship Description

Specification of a ship type, which may be thought of as a ship
class description, requires previous definition of the basic components

of which the ship is composed. Specifically required, (Fig. 4.4-1)
along with the ship geometry, are the characteristics of the

*An example of a FORTRAN partially incompatable with USA Standard FORTRAN
is that provided on the CDC 3800, which will not accept the Standard
version of a DATA statement. The authors would appreciate being ad-
vised of any such difficulties encountered by users.
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surveillance and tracking radar types (e.g., AN/SPS-48, AN/SPS-49), the
surface-to-air missile types and their associated launcher systems, and
the guidance channel constraint group types. The number and physical
location on the hull of each such component, together with individual
component vulnerability data, define the surveillance and weapons con-
figuration of a particular ship type; the ship type may also be assigned
a class name of up to 20 characters (e.g., DDG-2 CLASS or GALVESTON
CLASS) . Sub-routines used by TYPGEN to define surface-to-air missile
types, launcher types, radar types, ship component types, guidance
channel constraint group types, and ship types are MSLGEN, LCHGEN,
RDRGEN, CMPGEN, GCGEN, and SHPGEN respectively; the data input formats
for each of these routines are given in Appendix A together with ampli-
fying descriptions of the various parameters involved.

The TDHS mode requires the addition of one parameter (on Card Type
TS) and a new input card type. The new parameter specifies for a given
ship type the number of DET/TRK operator positions available on the ship
type. The new card type (Type TST) specifies the radar assignments for
the TRK SUP and for each DET/TRK operator. Provision is also made on
this card type to assign individual operators to automatic offset mode
of operation for the track updating process.

4.4.2 Missile Guidance Techniques

The concept of guidance channel constraint groups (Appendix G) has
been introduced into the model so as to afford a single approach to sim-
ulating present-day, as well as future, missile guidance techniques.

The widely used dual-simplex guidance scheme uses two fully dedicated
director-illuminator tracking radar sets (or guidance channels) with
each SAM launcher. A guidance channel is entirely committed to a single
engagement from initial target acquisition and missile launch to inter-
cept and kill evaluation; thereafter the guidance channel may be used to
reengage the same target or to take under fire some other target, as the
assignment doctrine dictates. More efficient use is made of the missile
launcher by having it supply missiles to two guidance channels conduc-
ting independent target assignments; this is particularly true when the
missile time of flight to an intercept point is large compared with the
launcher cycle (or reload) time delay. A dual-simplex system may have
no more than two assignments (per launcher) in progress at any given
instant of time.

A somewhat different guidance scheme for more advanced missile
systems abandons the notions of fully dedicated guidance channels and
exclusive commitment of a guidance channel to a target throughout the
course of a missile-and-target engagement. With the advanced guidance
techniques a particular guidance channel may be serviced by any of
several missile launchers aboard the ship, and it may divide its time
among several missile-and-target engagements as the data rate require-
ments of each dictate. Physically the "guidance channels" in a multi-
function phased array radar are more difficult to visualize than the
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director-illuminators of a dual-simplex system. In the advanced system,
the energy represented by the fraction of real time devoted to missile
tracking and guidance functions may constitute the guidance channels.

The allocation of such energy over time as missile-and-target engagements
are conducted must observe some physical limitations. In this model the
guidance channel constraints are described by a system of linear inequal-
ities, the parameters of which are specified as inputs. Up to seven in-
flight data-rate changes are allowed, with the data-rate transition
points being specified on input as fractions of the expected missile

time of flight for each missile-and-target engagement.

One of the parameters required to define a guidance channel con-
straint group is the total number of guidance channels belonging to the
group. For a dual-simplex system this value is two (the number of
director-illuminators). For the advanced system the value assigned cor-
responds to the maximum number of missile-and-target engagements that
may be in progress at any given instant of timé. The number of channels
is a factor on the right-hand side of the linear inequality constraint
expression, allowing the constraints to become more restrictive as
battle damage reduces the weapon system's ability to direct defensive
firepower.

A guidance-channel constraint group may service one or more missile
launchers, and these launchers need not be of the same type nor must
they launch the same type of missile. The association of a guidance-
channel constraint group with its launchers is done in the SHPGEN routine
(see Card Types TG, TGP, TGC, TGA, and TSG in Appendix A). A ship type
may have up to seven guidance-channel constraint groups but the total
number of guidance channels on a ship type may not exceed 63. Thus a
double-ended dual-simplex ship having several single-channel point
defense systems may be easily accommodated. The approach developed for
the model is considered to be sufficiently general and powerful to
simulate virtually any shipborne SAM system for the foreseeable future.

4.4.3 Component Functional Dependencies

The operational dependencies of ship components on one another is
described within the simulation by means of Boolean functions. A guid-
ance channel for instance might be modeled as being operationally depen-
dent on a fire-control computer and a power supply; that is, if either
the fire-control computer or the power supply is not functioning, then
the guidance channel is unable to operate. The Boolean relationship
expressing this dependency would be of the form

1l AND 2, 3,

where the Boolean function 1 is associated with the guidance channel,
the component 2 with the fire control computer, the component number 3
with the power supply, and the logic indicator AND with the fact that the
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operability of the guidance channel depends on the operability of both
the fire control computer and the power supply. The fire-control com-
puter in turn could depend operationally on one or more ship components,
so that any desired dependency configuration can be constructed.

A master set of Boolean functions is inputed for each game replica-
tion (see card type BF in Appendix A). Each ship component is assigned
a Boolean function number from the master set as the component is de-
fined within ship type; the absence of such an assignment indicates the
ship component is operationally independent of all other aboard ship.

4.5 Generation of Target Types

Impacting and nonimpacting target types and ECM loading groups are
specified within the TYPGEN routine as shown in Fig. f.5-1. Radar re-
flection data is referenced by cross-section group numbers and may be
shared by several target types as appropriate. Cross-section data are
processed by the CSGEN subroutine. Within the TGTGEN routine each
target type is assigned a data-base reference number and a 20-character
name (e.g., BADGER D, SSN-3, SUBMARINE). The vulnerability group index
of a target type is used to select the applicable set of kill probabil-
ity values for a SAM system whenever a missile-and-target intercept is
achieved by the defense forces; thus one set of P, values might be
specified for aircraft targets and a second set for cruise missiles for
each SAM type.

For launch vehicles and impacting target types the dispersion char-
acteristics are defined by TGTGEN inputs. These may be in the form of
either DEP/REP (deflection error probable/range error probable) or CEP
(circular error probable). For launch vehicles the dispersion data are
used to establish an aim point for its weapons, centered about the posi-
tion of the intended victim ship. The dispersion of impacting weapons
is centered about the airm point so defined. By setting both of these
dispersion characteristics to zero, an enemy weapon may be made to im-
pact at exactly the position of the victim ship. The extent and nature
of damage caused to shipborne components by an enemy weapon impact is
derived from the distance separation between the warhead and each com-
ponent, the warhead size or lethality figure, and the vulnerability
factor of each component (as specified in the SHIPGEN inputs).

Four of the TGTGEN inputs are applicable only to impacting target
types. The guidance-dependency parameter specifies whether the flight
of an impacting target type should be aborted whenever its parent
launch vehicle is killed (if this should occur in the time interval be-
tween launch and impact of the target). The speed standard-deviation
value is used to allow random differences in the actual speeds achieved
by individual impacting targets. A "slow" missile will have speed val-
ues less than the nominal mean-value figures (inputed later in the
WPNGEN routine) along each of its flight path legs. This increases
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the variability of enemy weapon impacts and imitates a factor not
strictly under control of the enemy raid planner.

Enemy missile fuzing occurs at the point of impact of the missile
with whichever is contacted first, the ocean surface or the target ship.
The position of detonation is located generally beyond the fuzing loca-
tion on the path of motion of the enemy missile. The distance from the
point of fuzing to the point of detonation is a TGTGEN input.

The probability that the enemy missile will fail to detonate is
used to determine (through the choice of a random number) whether that
missile is a dud. '

Finally, the jamming power densities on P, L, S, C and X bands may
be specified by inputs to the ECMGEN routine. These ECM loading groups
are then accessed (by group index number) within the Raid Generator to
establish the jamming configuration of individual enemy vehicles. Both
impacting and nonimpacting target types are permitted to carry any com-
bination of ECM equipment specified by the analyst laying out the raid
configuration.

4.6 Retention of Data Base Parameters

The use of previously defined Type Data and the retention of newly
defined Type Data are entirely under the control of the analyst prepar-
ing inputs for a particular run (specifically Card Type C in Appendix
A). The intended purpose of the data base (and the Type Data magnetic
tape file) is to permit a "one-time" definition of frequently used
information, particularly in the case of ship and target types. Once
such definitions have been accomplished, later runs may be made with
significantly smaller input card decks.

. Any set of Type Data may be newly defined or redefined for an in-
dividual run, and these definitions may be temporary (no change made in
the previously written magnetic tape file) or permanent (by rewriting
the tape file). The user must exercise caution in redefining an exis-
ting Type Data set, since any other set of Type Data affected by the
change must also be redefined. For example, if the number of channels
within a guidance channel constraint group type were to be changed, this
would necessitate redefinition of any ship types utilizing that guidance
channel constraint group type; in particular the tracking radars and
component characteristics associated with guidance channels for the ship
type would require modification. On the other hand some changes may be
made in Type Data sets without requiring subsequent redefinition of
"using" data sets. For example the location of a performance-envelope
node of a missile type may be moved or a new node may be added without
necessitating redefinition of every ship type using the affected missile
type. Recognizing the conditions under which such a change is permissi-
ble requires intimate knowledge of the PGP structure. When in doubt,
the safest alternative is of course to redefine any other Type Data sets
that might possibly be affected.



4.7 Specification of Defense Units

Once a library of ship types has been established in the data base,
specification of individual defense units (ships and AEW aircraft) is
relatively easy. Each defense unit must be defined by a single input
card (of Type DF) to the Defense Generator (DEFGEN) routine. Each such
DF card specifies the number, name, ship type, heading, and position (in
rectangular or cylindrical coordinates) of a defense unit. Also speci-
fied is a TEWA group number for defense units having firepower capabili-
ties; this grouping is used within the threat-evaluation procedure in
the determination of the force-wide engagement status of individual
targets. Inputs to the DEFGEN routine are terminated by a Type DX card;
this card is also used to specify the location of the Vital Area Center
used in force-wide threat-evaluation computations.

Following the DEFGEN inputs there may be additional, optional in-
puts to further refine the descriptions of individual defense units.
These optional inputs fall into three categories; surveillance-radar
search-sector definitions, launcher fire-zone sector and salvo size
definitions, and radar simulation-model option selections for individual
surveillance radars and guidance channel groups. '

Any, all, or none of the surveillance radars aboard a defense unit
(as determined by the corresponding ship type definition) may be as-
signed limited search sectors by use of input cards of Type SR to the
Sector Generator (SECGEN) routine. Unless otherwise specified, all
surveillance radars are allowed full circle coverage. Restricted search
sectors are defined by giving a right-hand boundary (relative to the
ship's heading or to north, as desired), and a search sector width (of
from 0 to 360 degrees). Each radar is then prohibited from making
target detections outside of its assigned search sector. (Individual
surveillance radars may be "turned off" simply by assigning a zero-width
search sector; this is an easier way to remove a radar from a ship than
by going through the alternative approach of defining a different ship

type.)

Fire-zone sectors for individual missiles may be defined in a sim~
ilar fashion through the use of Card Type SL. Full circle coverage is
again assumed unless otherwise specified. Each launcher is prohibited
from launching a missile salvo against a target unless the target lies
within its fire-zone sector at the time the missile assignment is made.
This same card type is also used to specify the salvo size for indivi-
dual launchers (the number of missiles to be fired each time as an as-
signment is made). A default value of one (single missile salvos) is
assumed unless otherwise specified.

Only one such unit may at present be configured with surveillance
radar sets in the TDHS version. Until the development of the multiple-
ship TDHS model, all defense units but one must be generated from ship
types having no radars or defensive weapon systems.
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Several radar simulation models are available within the program,
each repesenting a dif.- vent level of detail or degree of sophistica-
tion in the treatment of the radar detection process. Which radar
simulation option(s) to use in a particular run depends on many factors,
including the purpose of the run, the sensitivity of the outcome expec-
ted or previously observed as a result of the option(s) selected, and
the importance attached to minimizing computer running-time costs (through
-the selection of simple algorithms). Each surveillance radar and each
guidance channel group (tracking radar(s)) may be independently assigned
the simulation model option desired. Thus a number of different radar
simulation models may be employed concurrently within a given run. Un-
less otherwise specified, the simplest radar model is assumed (a deter-
ministic cookie-cutter technique); this will yield the shortest possible
running time, but only radar horizon, scope limit, and horizontal and
vertical coverage angles will be considered in making detection deci-
sions--effects of ECM and target cross section variations are ignored.

In the TDHS version the radar simulation algorithms no longer pro-
duce "detected” targets but rather yield an array of detectable video
coordinates. A clustering routine in the MSP adjoins the video returns
from closely spaced targets according to the radar resolution capabili-
ties and other TDHS tracking parameters.

4.8 Specification of Offense Units

The Raid Generator (RAIDGEN) routine combines previously defined
target types, ECM loading groups, and defense unit information (for
targeting purposes) with flight-path and weapon-trajectory data to pro-
duce individual offense units, both impacting and nonimpacting, as
diagramed in Fig. 4.5-1.

Every offense unit, or target, is associated with a piecewise
linear Master Flight Path (MFP). The MFP for a nonimpacting target (e.g.,
launch vehicle, standoff jammer, strike-command aircraft, or cruise-
missile-launching submarine) may have from two to 15 nodes (Xi, Yi’ Zi)'
The phasing or time of departure from the first node and the speed along
each flight path leg are MFP input parameters. Offense units flying in
formation may be associated with a common MFP, with the lateral, axial,
and vertical displacements of each from the MFP being described with the
specifications of each such target. (The MFP for a nonimpacting target
must be completely described as part of the run input data, and there is
no variation in such flight paths between successive replications.)

Any number of nonimpacting targets may share the same basic MFP,
with each such target being described by a single input card of Type RA.
This card specifies the target type and ECM loading group (both previ-
ously defined by inputs to the TYPGEN routine), the displacement values
(relative to the most recently defined MFP), and the number of parasites
carried (if any).



Each parasite carried by a launch vehicle is defined by a single
input card of Type RAP; the RAP card(s) must immediately follow the RA
card of the parent launch vehicle. The parasite-description card speci-
fies the target type and ECM loading group (just as for nonimpacting
targets), the weapon profile number applicable to the parasite (discus-
sed in the next paragraph), the defense unit to be attacked by the par-
asite, data necessary to define the time interval during which the par-
asite may be launched from its parent vehicle (according to a uniform
probability distribution over the interval), and a deterministic aim
point, if applicable.

The MFP's for impacting targets are generated somewhat differently
than for nonimpacting targets. Since the exact launch time of a para-
site is allowed to fall randomly within a specified interval, and since
the impact point is determined randomly (based on the weapon dispersion
characteristics), each impacting target is given a unique MFP at the
time of its launch. These MFP's will in general be different from one
replication to the next. The data from which such an MFP is derived are
termed the Weapon Profile Data and are initially processed by the WPNGEN
routine. The speeds, altitudes, climb and dive angles, and ranges are
described as appropriate to the type of weapon profile. Three profiles
are presently defined, having one, three, and four flight-path legs
respectively (Card Type RW in Appendix A).

A nonimpacting target may act as the launch vehicle for from zero
to 15 parasites. There may be up to 255 targets generated by the inputs
to a particular run.

There are two minor changes in specification of offense units for
the TDHS version. The first of these relates to the defense unit against
which an impacting target is assigned. A new data field has been added
in order to identify the intended victim, which may in general differ
from the actual victim against which the target will achieve impact if
it survives long enough. The intended victim identification is carried
along strictly for information and subsequent summary-listing tabular
printout. It has no effect on execution of the simulation model but can
be used to facilitate comparison of raid conditions with predescribed
scenarios.

The second change allows the probabilities of prelaunch, inflight,
and detonation failure to be specified for each impacting target. Ap-
plication of these probabilities will be discussed in the MSP section.

4.9 Preparation of Game Inputs

The ship types, target types, and ECM loading groups to be used in
a particular play of the game must either have been already defined in
the data base as discussed previously (and have been written on the
magnetic tape Type Data file), or those new or redefined sets of Type
Data must be included in the PGP input card deck being prepared. Newly
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defined Type Data may or may not be saved on the magnetic tape depending
on the control options selected on Card Type C (Appendix A). The TYPGEN
trailer card (Card Type TS) signals the end of the inputs intended to
modify the data base. Following the TYPGEN trailer card in the PGP
input deck are the Defense Generator (section 4.7) and the Raid Genera-
tor (section 4.8). The structure of the PGP input deck is discussed in
detail in Appendix A.

There are countless ways in which errors may creep into preparation
of an input card deck for a large-scale model such as this. The PGP is
designed to recognize the occurrence of many types of such errors and
take (temporary) corrective action whenever appropriate. An informative
diagnostic message is printed on the output listing of the PGP (as spec-
ified in Appendix E) as faults are encountered in the input data. There
are two main categories of errors (and error messages): fatal and non-
fatal.

Fatal errors are those from which the PGP is unable to recover in
any meaningful way so as to proceed with processing the input deck.
Whenever a fatal error is encountered, an error message will be printed,
the input process will be terminated, and an input summary listing will
be printed with all of the data as they had been defined up to the oc-
currence of the fatal error.

Nonfatal errors are those from which the PGP can recover, at least
temporarily if not entirely correctly. Whenever a nonfatal error is en-
countered in the definition of a data set, default values may be as-
signed in lieu of incorrect ones, or entire sets of data may be ignored
by the PGP as appropriate to the particular type of error. In addition,
the affected data set will be tagged as being "bad." Any other depen-
dent data set will in turn be termed "not well defined." For example a
ship type would be not well defined if its configuration included a
missile type that had included an error in its definition.

The philosophy applied to the PGP design has been to process as
much of the input deck as possible on a single pass, taking corrective
action wherever feasible and printing error diagnostics as appropriate.
In this manner fewer passes through the PGP should be required to cor-
rect a faulty input deck.

4.10 Pregame Processor Outputs

Essentially five kinds of output may be produced by the Pregame
Processor: a pseudo 80-80 listing of input card images, a recapitulation
of all or a portion of the Type Data available to the TYPGEN routine, a
complete description of the defense and offense forces that have been
defined, a magnetic tape file of Type Data that may be reused for later
simulation runs, and a magnetic tape file of Replication Data to be used
by the Main Simulation Processor as the scenario for an actual simula-
tion run.
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The listing of input-card images may be useful as a record, as a
check on the keypunching, and as a convenient form for review and re-
vision of the input deck. This listing is not strictly an 80-80 card
image listing, since the same format is used to pring the card image as
was used to read it. For example floating-point values will always be
printed with three digits to the right of the decimal point regardless
of the format actually used on the input card. Similarly an integer
value intended to be a 4 but mispunched into column 59 (rather than
column 60) would be printed out as a 40 (which would in fact be the
value understood by the program to be the one desired). The listing of
input-card images is entirely optional and may be suppressed by placing
a 0 (or a blank) in column 50 of the PGP control card.

The Type Data listing may include either all such data available to
the TYPGEN routine (including that obtained from magnetic tape if applica-
ble) or only that data newly defined by card inputs to the TYPGEN routine.
The layout of the Type Data on the printer page has been carefully de-
signed to enhance its usefulness and readability. Each category of Type
Data (e.g., missile types, radar types) is started at the top of a prin-
ter page to achieve visual separation between groups of dissimilar data.
Only the listing of previously defined Type Data may be suppressed by an
input control option. ’

The composition of the defense and offense forces will always be
printed out in its entirety. The formats used are somewhat condensed in
that for a full and complete understanding of each offense or defense
unit, one must also have access to the Type Data printout. Defense
units are listed in numerical order, although they need not be generated
in this order. Weapon profile descriptions are printed by themselves,
since they may be used from within any portion of the raid structure.

Each MFP that has been defined will be listed at the top of a printer
page, followed immediately by descriptions of all targets using that MFP,
together with the parasites (if any) of those targets. '

A sample PGP input deck and the resulting summary listings are pre-~
sented in Appendix H. No particular importance should be attached to the
numerical values given in the sample input deck since many values are fic-
titious so as to keep the material unclassified. '

The Type Data magnetic tape file may or may not be written (rewrit-
ten) after the summary listings have been produced, depending on whether
any new sets of Type Data are or are not intended to become a "permanent"
part of the simulation model data base. As the model is presently struc-
tured, only one magnetic tape is used for both the Type Data and Repli-
cation Data files. The Type Data file is always the first file on the
tape and it must have been written at least on time in order for the
Replication Data file to be successfully written. Therefore a Repli-
cation Data file cannot be written on a new tape without a Type Data’
file having been previously written. Prior to writing either kind of
tape file, all data are tagged as being "old" so as to differentiate
then from newly defined (card input) data on later runs.

4-13
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The Replication Data file describes a complete game situation for
the Main Simulation Processor by passing along various arrays, packed
lists, and control parameters, Provided that the Type Data file is not
rewritten, several Replication Data files may be placed on the same mag-
netic tape. The number of previous Replication Data files to be saved
is specified on the PGP control card. (It should not be assumed that a
Replication Data file sandwiched between others can be rewritten in place
without destroying those files which follow it; a much safer procedure
would be to abandon such a file and create a new Replication Data file
after the last file to be retained.)
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5. THE MAIN SIMULATION PROCESSOR
5.1 General

Adaptation of the Main Simulation Processor (MSP) to a particular
computer installation is similar to the procedure described for the Pre-
game Processor. Nearly all of the packed list and name array dimensions
will have been previously established for compiliation and execution of
the PGP; it is merely required that these same dimension values be used
in the corresponding common blocks within the MSP. Those few lists and
arrays unique to the MSP must be assigned appropriate dimensions, follow-
ing the procedure given in Appendix D.

The MSP is loaded into the computer as a separate program, thus
minimizing the amount of computer core space required for execution of
the model; that is, the PGP and the MSP need never occupy core space sim-
ultaneously. The magnetic-tape Replication Data file(s) provides the
necessary link between the PGP and MSP computer programs.

The MSP requires an input deck of from two to 20 or more cards,
as described in Appendix I. The first card specifies the selection of
several input, and replication control options, together with a 20-
character run identifier. The second card is used to specify several
delay time values, a maximum simulation time, and an event monitoring
time interval. The next card, when it is included in the input deck,
defines a subset of the event types which is of interest for detailed
printer listing as specified on the first two input cards. The remain-
ing cards, when included, cause controlled initialization of the random-
number generator. Five additional input card types are used only in the
TDHS version of the model, as discussed below.

After the MSP input card deck has been processed and the specified
replication tape file has been read into the machine, a prereplication
initialization routine makes the final preparations for a play of the
game. Several events will have been prescheduled in the game event-store
calendar by the Pregame Processor; these include the first NODE event for
each nonimpacting target in the offense force, and it is the earliest of
these that actually gets the game underway. '

The currently defined event types (Appendix J) fall into four broad
categories: target-motion events, radar-detection/tracking events,
threat-evaluation and weapon-assignment events, and kill, damage, and
disablement events. The types of events in each of these categories are
discussed in the remainder of this section.

Changes made in the Main Simulation Processor (MSP) in the TDHS
version of the model include additional of several new game-control and
override-option data cards, addition of several new event types, and
suppression of several old event types. The relationship between the
PGP and the MSP is the same as in the parent model except that the ar-
rays and their dimensions on the replication tape file are somewhat
different.

5~1
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*
Five new types of game control cards are now read in after the

random-number-generator initialization cards. As described in Appendix
I, these control cards specify various details about the target tracking
process for a particular play of the game. The tracking parameters in-
clude specification of the size and shape of the reachable sets used to
compute video~track correlation scores, the rules by which DET/TRK op-
erators are activated (or deactivated) depending on the total number of
tracks in the TDHS, the rules by which closely spaced multiple video re-
turns are tracked together or separately, and the zone of interest boun-
daries within which a DET/TRK operator's attention is directed during
automatic sequencing.

Three of the five new card types are used to override equipment
accuracy and operator proficiency values. Included in the parameters
that may be so modified are ball tab placement errors, scope limit scale
factors, and service time limits (minimum and maximum values) for indi-
vidual operators and range and azimuth accuracy for individual radars.

5.2 Target Motion Events

There are four event types primarily related to target motion:
NODE, VANISH, IMPACT, and EMERGE. A NODE event occurs whenever a target
(offense unit) passes through one of the nodes along its piecewise
linear‘ flight path, including departure from the initial node and arrival
at the terminal node. Associated with the NODE event is one of the most
complex subroutines in the model.

The occurence of a NODE event will always result in the scheduling
either of a simultaneous VANISH or IMPACT event as appropriate or of
another NODE event for the time at which the target reaches the end of
its current leg. Additional events related to radars (ENTER, LEAVE),
weapons (DROP, TRNSFT, ABORT, COMEIN, OUTGO), and parasited (EMERGE) may
also be scheduled if and when appropriate.

Consideration of the NODE event may be divided into two general
cases: (1) when the occurrence of a NODE event corresponds to the final
or terminal node of the target's flight path, and (2) all other NODE
event occurences (those for which one or more additional flight-path
nodes remain for the target to pass through). Of these the first case
is the simplest, since all that is done is to schedule either an IMPACT
or a VANISH event at the current game time, depending on whether the
target is of an impacting or nonimpacting type.

(Card Types GTP, GSF, GBT, GRE, and GST.)



For the second case the NODE-event subroutine must take a number of
actions related to radars, to SAM weapong, and possibly to launch of
parasite targets. The term "current leg" is applied to the line segment
from the current node (the one being processed) to the next flight path ,
node. The times at which the current leg penetrates the coverage volume
of each radar set in the defense force are computed, and ENTER and/or
LEAVE events are scheduled accordingly. Each currently held assignment
of a SAM weapon to the target being processed must be examined to deter-
mine if the target course change does or does not allow the assignment
to continue. Depending on the outcome of a series of tests, the time
schedule for such an assignment may be adjusted to a new predicted
intercept point, or the assignment may be terminated or modified through
scheduling of a DROP, TRNSFR, or ABORT event as appropriate. A time
interval is determined with respect to each defense unit during which
new SAM-weapon assignments may be made. If the target does not come
within assignment range of a particular defense unit during the current
flight path leg, or if the defense unit has no SAM weapons, then the
intervel will be of zero width. Otherwise a COMEIN/OUTGO event pair
will be scheduled for the defense unit/target combination at the times

corresponding to the beginning and ending of the assignment time interval;

it is permissible for this time interval to include the entire current
leg, resulting in the COMEIN/OUTGO events being scheduled concurrently
with the initial and terminal nodes respectively of the current flight-
path leg. If launch of one or more parasites is keyed to the flight-
path node being processed (for a launch platform or weapon carrier), the
exact launch and impact points are determined, and an EMERGE event is
scheduled for each such parasite.

Occurrence of an IMPACT event causes assessment of damage to com-
ponents on the targeted defense unit. Damage probabilities are calcula-
ted from an estimate of the severity of the blast, which is derived from
the warhead size of the impacting target, the relative vulnerability of
each ship-based component, the distance of each such component from the
detonation point of the impacting weapon, and the nature of the medium
between the two. Monte Carlo evaluations are made for disablement of
individual components, and DISRDR, DISCHN, and DISLAN events are sched-
uled for the disablement of radar, guidance channel, and launcher sys-
tems as appropriate. The (impacting) target is then removed from the
play of the game, and any radar-detection or weapon-assignment events
affected are suitably modified or canceled. Processing of a VANISH
event (the final node of a nonimpacting target) is similar to the IMPACT
event except for the damage-assessment portion, which of course does not

apply.

*
The coverage volume of a surveillance radar set is determined by the

radar horizon constraint, maximum unambiguous range (scope limit), hor-
izontal search sector limits, and vertical search sector limits.

5-3
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An EMERGE event corresponds to the launch of a parasite (impacting
target type) from its launch platform. This event simply schedules the
first NODE event for the parasite, which thereafter becomes an active
offense unit in its own right.

In the TDHS version of the model, if it is determined during game
play that a prelaunch failure has occurred, then a PRELF event will be
scheduled at the game time which would have otherwise corresponded to
the EMERGE event for the missile. When a PRELF event occurs, the af-
fected cruise missile is simply removed from further consideration.
Subsequent launch times of other missiles from the same launch platform
are unaffected by the occurrence of a prelaunch failure.

Whenever it is determined that a cruise missile is going to suffer
an in-flight failure, the time of failure is assumed to fall anywhere
along its flight path with equal likelihood (uniformly distributed over
the time interval between the EMERGE and IMPACT events for that missile).
An IFFAL event will be scheduled at the selected time, and its occurrence
will be processed in much the same way as a VANISH event.

5.3 Radar Detection Events

There are seven event types primarily related to detection of of-
fense units by the surveillance radar network of the defense force: SCAN,
DETECT, PASS, PSSDET, LOSE, ENTER, and LEAVE. Associated with each sur-
veillance radar set is a periodic scan rate equal to the time required
for the radar to make one sweep through its coverage volume. For radars
with mechanically rotating antennas the scan rate is the amount of time
required for one complete revolution of the antenna. Once per scan per-
iod each radar set attempts to detect any live active targets not already
held in a detected status with respect to the radar; this action corres-
ponds to an occurrence of the SCAN event. The radar-simulation model
employed for this purpose depends on the option selection specified for
the radar set as part of the PGP inputs.

If it is determined within a SCAN event that one or more targets
become detected by a particular radar, then a DETECT event is scheduled
for each such radar-and-target combination at the same time as the SCAN
event (at present game time). Occurrence of a DETECT event causes the
target to be indicated as being in a primary detection status with re-
spect to the radar making the detection and in a secondary detection
status with respect to all other radar sets aboard the same defense
unit. A secondary detection is simply the knowledge of a target's posi-
tion by virture of communication from another radar set able to see the
target (from a radar set holding the target in a primary detection sta-
tus). The DETECT event will also schedule a PASS event at a time cor-
responding to current game time plus a communications time delay.

When a PASS event occurs, those defense units able to receive com-
munication transmissions from the defense unit responsible for the



(primary) detection of a target are identified. If any of the indivi-
dual radar sets on any of these defense units do not hold the target in
a detected status (either primary or secondary), then a PSSDET event
for each such radar set will be scheduled at the current game time.
When a PSSDET event occurs, the specified target is indicated as being

‘held in a secondary detection status with respect to the designated

radar set.

The LOSE event corresponds to loss of a primary target detection by
a particular radar set due to the target's passing outside the coverage
volume of the radar, the detection radar's becoming disabled through the
effects of an enemy weapon impact, or the target detection's probability
becoming unacceptably low, as when the target enters a fade zone with
respect to the tadar. Occurrence of a LOSE event initiates cancellation
of the corresponding primary radar-target detection status and cancella-
tion of any secondary detections found to depend on the existence of the
just-canceled primary detection. This may cause reactivation of other
radar sets as explained below.

To conserve computer running time, radar SCAN events are allowed to
be scheduled only when there are one or more live active targets not
held in a detected status with respect to a particular radar and when
at least one such target is within the coverage volume of the radar set.
The ENTER and LEAVE events, scheduled by the target-NODE-event sub-
routine, define the time interval(s) during which each target is within
the coverage volume of each radar set.

A radar set is said to be "activated" whenever there is a SCAN event
scheduled for it in the game-event calendar. Initially no radars are
activated, and an ENTER event must occur for activation to take place.
If an ENTER event occurs for a target not held in a detected status
(primary or secondary) by a nonactivated radar, then the radar will be
activated, and a SCAN event will be scheduled for it at a time displaced
from current time by a random fraction of the radar's scan rate. There-
after the SCAN event for that radar will regenerate itself at regular
intervals (so that the time between successive SCAN events for the radar
is equal to its scan rate). Whenever all live active targets within the
radar's coverage volume have become detected, the SCAN event will not
regenerate itself, and the radar will become deactivated until an ENTER
or LOSE event causes reactivation.

Occurrence of a LEAVE event corresponds to a target's passing out-
side of the coverage volume of a particular radar set. If the target
is held in a primary detection status with respect to that radar, then
a LOSE event is scheduled at the current game time, to be processed as
described above.

Of the previously discussed seven event types related to detection
of offense units by the surveillance radars of the defense force, only
two (ENTER and LEAVE) remain active in the TDHS version of the model.
In addition the following eleven new event types have been defined for
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the detection and tracking process within the TDHS: TRKSUP, TRACKR,
NEWDET, SPLITK, LATEDT, LATESP, UPDATE, MISSTK, DROPTK, WAKEUP, and
SLEEP.

The track supervisor is said to be activated whenever there is a
TRKSUP event scheduled for him in the game-event calendar. Initially no
TDHS operators are activated, and an ENTER event must occur for the
first activation to take place. As before, the ENTER and LEAVE events,
scheduled by the target NODE event subroutine, define the time inter-
val(s) during which each target is within the coverage volume of each
radar set. When the first target enters the coverage volume of the radar
to which the track supervisor is assigned, a TRKSUP event will be sched-
uled at a time displaced from the entry time by a random fraction of the
radar's scan period. Thereafter the TRKSUP event will regenerate itself
at irregular intervals (depending on the task being performed by the
track supervisor and the associated service time).

Whenever the first TRKSUP event occurs, the appropriate radar simu-
lation routine is called to produce an array of video data representing
the position coordinates (including radar errors and centroid effects)
of detectable targets. The track supervisor will then proceed to estab-
lish a new track within the TDHS for each such video return, taking a
suitably selected length of serving time between each successive track
establishment to represent the amount of time required for him to make
the necessary console-~button-pushing operations.

As the first track is established (and for each multiple of a
selected threshold value) a DET/TRK operator is activated through the
device of a WAKEUP event. The WAKEUP event is displaced from the track
establishment which triggered it by a delay time representing the time
required to get an operator alerted from an idle status. Initially no
DET/TRK operators are activated and a WAKEUP event must occur for acti-
vation to take place. A DET/TRK operator is said to be activated when-
ever there is a TRACKR event scheduled for him in the game-event calendar.

A new detection (NEWDET) event or a late detect (LATEDT) event for
close-in targets signifies establishment of a new air track within the
TDHS. Similarly, when multiple video correlate with a given track, a
split-track (SPLITK) or late-split (LATESP) event is scheduled.

When a TRACKR event occurs, the primary and secondary zones of in-
terest are computed relative to the current pointing direction of the
radar to which the operator has been assigned. If a track eligible for
automatic sequencing is available within the zone of interest, the TRACKR
event causes the radar video and track symbology to be updated as
appropriate. Thereupon a correlation process, based on the reachable
set concept, is used to assign video returns to corresponding track
symbology.

The video assigned to the sequenced track (the track to which the

DET/TRK operator's attention has been directed) will then be used to
enter a new position report (including operator ball tab error) by
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virtue of scheduling an UPDATE event in the game calendar. The TRACKR
event would thereupon reschedule itself, after a suitable delay-time
interval representing the period during which the DET/TRK operator is
occupied making the necessary console-button-pushing operations.

Should no video correlate with the sequenced track, then a missed-
report event (MISSTK) is scheduled for the track and the TRACKR event
reschedules itself after the time required for the radar to sweep
through the entire width of the operator's zone of interest.

After a predetermined number of successive missed-track reports, a
given track becomes eligible to be dropped from the TDHS by the track
supervisor. On a time available basis (e.g., when there are no addition-
al new detections to be entered) the track supervisor will schedule a
drop-track event (DROPTK) for a track which no longer has correlating
video available. '

As the workload is lessened in the TDHS (by virtue of a succession
of drop-track actions), it may be appropriate to deactivate one or more
of the DET/TRK operators. This is accomplished by application of a
decision threshold and, when appropriate, scheduling a SLEEP event for
an operator; this will have the effect of removing the operator's next
scheduled TRACKER event from the game calendar.

5.4 Threat-Evaluation and Weapon-Assignment Events

There are ten event types primarily associated with threat evalua-
tion and weapon assignment : TEWA, ASSIGN, LAUNCH, INTCPT, RELEAS,
TRNSFR, ABORT, DROP, COMEIN, and OUTGO. The TEWA (threat evaluation and
weapon assignment) event involves several large subroutines and like
event type NODE is one of the most complex event types in the simulation
model. A TEWA event sequence is associated with each defense unit
having SAM firepower capability. Scheduling of the initial TEWA event
for a defense unit is triggered by the first detection made with respect
to that defense unit; this TEWA event is displaced in time from its
generating DETECT event by an evaluation reaction time, the value of
which is specified on the GP input data card. Thereafter the TEWA event
for the defense unit regenerates itself according to a time interval
either as specified on the GP input data card or as determined by the
next earliest time of weapon availability.

The total number of targets within SAM assignment range of any
given ship is kept by incrementing a counter by one each time a COMEIN
event for a particular ship occurs (and by decrementing the counter by
one each time an OUTGO event for it occurs). Whenever the in-range
target counter for a particular defense unit is incremented from 0 to 1,
a TEWA event is scheduled for that ship unless there is already one in
the game-event calendar.

When a TEWA event occurs, the value held in the in-range target
counter for that defense unit is tested. If the value is 0, control
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will be returned immediately to the main program without scheduling a
future TEWA event for the ship. Otherwise a preliminary check is made
to determine if the specifed defense unit has any weapons available for
possible assignment during the current TEWA interval (between current
game time and the latest time at which the next TEWA event for this de-
fense unit will occur). If no weapons are available, due to engagements
in process and/or to disablement of necessary weapon system components,
the event will proceed no further but will simply reschedule itself for
the earliest time at which a weapon will become available.

If one or more weapon systems are found to be available on the de-
fense unit, then the TEWA routine will produce a threat-ordered list of
the targets currently held in a detected status with respect to the de-
fense unit using a threat-ordering algorithm patterned after the proce-
dure used within the Naval Tactical Data System (NTDS). Threat ordering
is done with respect to both own ship and the task force Vital Area Cen-
ter. Preference is given to self-defense, and then to area defense,
with threat-number ties being broken by random-number selection.

Offense units found to have sufficiently high threat numbers are
then considered for possible engagement by SAM weapons. The weapon
assignment routine verifies availability of the necessary weapon-system
components, performs a trial intercept calculation, determines if the
predicted intercept point lies within the performance envelope of the
missile type being considered, and checks the guidance channel con-
straint expressions to insure that they are satisfied throughout the
expected duration of the assignment. If more than one SAM system
aboard the defense unit is capable of engaging the designated target,
preference will be given in the following order:

1. To the system having the higher priority missile type, where
missile priority is inversely related to maximum range cap-
ability (reflecting missile replacement costs),

2. To the system able to achieve the earliest assignment time
within the current TEWA interval, and finally,

3. To the system having the greatest number of missiles remain-
ing in its launcher magazine.

Once a SAM system has been selected for the assignment, and ASSIGN event
will be scheduled in the game calendar, and if weapons are still avail-
able on the defense unit, another target will be considered for possible
engagement. This process will continue until there are no more engage-
able targets or no more weapons available on the defense unit.

The ASSIGN event indicates the pairing of a weapon and a target as
determined in the TEWA process. The corresponding LAUNCH event is then
scheduled for a time displaced from the ASSIGN time by the target
acquisition delay of the guidance system and the firing circuit activa-
tion delay of the selected missile launcher.
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Occurrence of a LAUNCH event corresponds to the firing of a SAM
from its launcher. The computer time of flight to the predicted in-
tercept point is then used to schedule the subsequent INTCPT event.

When the INTCPT event occurs, a Monte Carlo evaluation is made to
determine if the missile succeeded in inflicting lethal damage to its
assigned target. If so, a second random sampling is made to establish
the time required for the target to die (to become ineffective and eli-
gible for removal from the play of the game) and a DIE event for the
target is scheduled accordingly. If the time of death so computed is
earlier than any previously held time of death for that target, then the
later DIE event is removed from the game calendar. At this point the
SAM system is tentatively given credit for killing the target.

The INTCPT event also causes scheduling of a RELEAS event for the
SAM system at a later time, following the kill-evaluation delay period
associated with the weapon type used. Occurrence of the RELEAS event
simply releases the weapon system from its most recent engagement,
making it available for a new a551gnment.

However not all SAM engagements can be expected to go smoothly from
the ASSIGN to the RELEAS event. Some of the possible causes for dis-
ruption of the normal sequence of events in the history of a SAM engage-
ment are:

e The target may change its course in such a manner that
interception by the assigned missile is no longer posssible
due either to performance-envelope restrictions or to vio-
lation of the guidance-channel-constraint expressions;

® The target may be killed by another missile system (target
preemption) ;

e The target may cease to exist, by reaching its final flight-
path node (this will normally only happen for impacting
target types);

® One or more necessary components of the SAM system may be
disabled due to the effects of an enemy weapon impact.

Depending on the nature of the disruption, the time at which it occurs
(relative to the predicted SAM engagement history), and the availability
of other nearby (indistinguishable) targets,the SAM engagement may be
dropped, transferred, aborted, or simply released.

A DROP event will be scheduled if the assignment cannot be completed

and if the missile (salvo) has not been irrevocably committed to the
engagement. Thus, if the launcher firing circuit has not yet been acti-
vated, the assignment will be scratched with no missile expenditure.
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If the SAM engagement in question has already achieved its inter-
cept, then the disruption will have little effect on that assignment
except that the weapon system release may be scheduled for a slightly
earlier time.

A TRNSFR event will be scheduled if the launcher has been fired
{(but target interception has not yet occurred), and there is available
another target to which the assignment may be transferred. The rules by
which eligibility for transfer is decided are under control of the pro-
grammer so they may be made prohibitive (no transfers allowed), restric-
tive (transfer allowed to another target occupying the same radar reso-
lution cell as the original target), or permissive (according to vir-
tually any other criteria desired). After a TRNSFR event the remaining
engagement events (e.g., INTCPT, RELEAS) will proceed as if the assign-
ment had been originally made to the new target except that they may be
rescheduled to reflect a different intercept time.

If the missile has been irrevocably committed to the engagement and
transfer to another target is not possible (or allowed), then an ABORT
event will be scheduled which will terminate the engagement with the un-
productive expenditure of the missile salvo.

This area of the simulation model is currently deactivated in the
TDHS version. To bring the TEWA functions into the TDHS SPEARS, it will
be necessary to key those functions to track-history data rather than to
actual target-position data as is done in the parent model.

5.5 Attrition of Offense Events

There are two event types primarily related to kill, damage, and
disablement of offense units: DIE and VICTIM. Both event types relate
to the attrition of offense units through the effects of defensive mis-
sile firepower and result from the occurrence of an INTCPT event.

Scheduling of a DIE event for a target results from one or more
successful intercepts by defensive missile firepower, as previously dis-
cussed. If the target has reached its final flight-path node (with a
VANISH or IMPACT event) prior to occurrence of the DIE event, then no
further action is taken since the target would have been already removed
from the game play. Otherwise the target is tagged as being "dead" and
the SAM system reponsible for the DIE event is credited with a target
kill, The target is then removed from the game plan in much the same
manner as in the VANISH and IMPACT events. In addition any unlaunched
parasites or in-flight targets dependent on the killed target for
guidance signals will be attrited through the use of a VICTIM event type
scheduled concurrently with the DIE event (at current game time).

Occurrence of a VICTIM event for an unlaunched parasite involves

nothing more than tagging the target as dead and crediting the responsi-
ble SAM system with an additional target kill. If the VICTIM event
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applies to a dependent in-flight target (e.g., a cruise missile requir-
ing guidance from its launch vehicle), additional action must be taken
to remove the target from the game play, again in much the same manner
as in the VANISH and IMPACT events.

5.6 Failure, Damage, and Repair of Defensive Units

There are eight event types associated with the failure, damage,
and repair of defensive units:

® IMPACT - An enemy air-to-surface missile, having a ship in the
task force as a target, has detonated; ’

e DAMAGE -~ An element is damaged by a detonation of an air-to-
surface missile;

e FAIL -  An element fails;

e DOWN ~ An element becomes inoperable because of a DAMAGE orx
FAIL event;

® REPAIR - The repair of an element (for which a DOWN event has

occurred) begins;
e UP - The repair of an element is complete;
e OFF - An element becomes inoperable because either it is

down or another element on which the operation of this element
depends has become inoperable;

e ON - An element becomes operable because the element itself
is up and all elements upon which its operation depends are operable.

The relationships linking these event types are indicated in
Fig. 5.6-1. 1In the figure the events are represented by boxes. A solid
pointer indicates that one event can possibly generate another event as
in the case of an IMPACT event generating one or more DAMAGE events, but
a dashed pointer indicates that an event can possibly cancel another
event. An example of the latter is that a DOWN event can cancel an UP
event which has been scheduled by an REPAIR event (the repair has begun
but is not yet complete).

Each ship in the task force is represented by a collection of ele-
mentary costing units, referred to as elements. Examples of elements
include a propeller shaft, a fire-control computer, a launcher rail, a
radar antenna, a radar system, and an entire ship. In these examples
the components are not necessarily mutually exclusive. In fact many
shipboard systems are represented conveniently by elements that are not
mutually exclusive.
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Fig. 5.6-1 -~ Relations among events. Solid pointers
indicate possible generation, and dashed pointers
indicated possible cancellations.

In terms of the model an element is an abstraction described by
various parameters detailing its location, reliability, and vulnerabil-
ity as well as its functional dependency upon other elements. It is as-
sumed that each element can be treated as a point object for the purposes
of damage assessment.

As the play of the game progresses, an element may have become in-
operable for one of three reasons: the element may have been damaged
by the detonation of an enemy missile that has penetrated the fleet's
defenses, the element may have failed randomly, or another element on
which the operation of this element depends may have become inoperable.
If an element becomes inoperable, any other elements whose operation de-
pends on that element will remain inoperable at least as long as it does.
Given that no additional elements fail or are damaged, the cost of the
element becoming inoperable is the cost of restoring it to operational
status plus the mission-dependent cost associated with it.

During the play of a game elements become operable and inoperable
as elements fail or are damaged and repairs occur. Concurrently the
cost to the fleet of these events is computed, and the defensive capa-
bility of the fleet is reflected through the operability states of sets
of elements representing ships in the fleet. The occurrence of any one
of the event types above represents an incident that has a significant
effect on the cost calculation and/or the general operability of the
fleet. A detailed discussion of the calculations involved in each of
these event types is contained in Ref. 3.
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5.7 Disablement Events
There are three disablement-event types: DISRDR, DISCHN, and DISLAN.

Whenever an OFF event occurs for a surveillance radar, a guidance
radar channel, or a missile launcher, a DISRDR, DISCHN, or DISLAN event
will be scheduled as appropriate. The DISRDR event disables the speci-
fied surveillance radar set and cancels any of its currently held primary
detections (through the use of the LOSE event type discussed previously).
The periodic scan of the radar is inhibited, and no further detection
events are related to the radar while it is disabled.

The DISCHN and DISLAN events disable the specified guidance channel
and launcher, respectively, and cancel or modify any currently held missile
assignments affected thereby. In addition to the effects on current SAM
assignments, disablement of guidance channels will affect future weapon
availability as reflected in the guidance channel constraint expressions,
where the (scalar) number of currently active channels is a factor in
these expressions. Similarly, disablement of a SAM missile launcher
will affect the future availability of the weapon system of which it was
a component part. The occurrence of an ON event however for any of these
elements restores its availability to the game.
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defines exactly one defense unit (ship or AEW aircraft) and refers to the
previously defined ship types by an index calue. Card Types SR and SL
are used to specify sector constraints for the surveillance radars and
missile launchers on defense uﬁits as appropriate. Unless otherwise
specified, a default value of 360° coﬁerage is assumed for each radar

and each launcher, Similarly Card Types OR and OG specify radar simula-
tion model options for surveillance rédars and guidance channel grdups.
Simulation model option 1 is assumed as a default value. Card Types CM
and CS modify the default conditions for the intership communications
links,

If impacting weapons are included in the raid structure, then at
least one weapon profile must be defined with Card Type RW. A Master
Flight Path (Card Types RM and RMF) must be defined prior to the genera-
tion of any offense units. An MFP may have from two to 15 nodes, describ-
ing a piecewise linear flight path in three dimensions. Nonimpacting
targets (Card Type RA) travel along the most recently defined MFP, with
displacements as specified for each iﬁdividual target., Parasite or
impacting targets (Card Type RAP) must follow directly behind their
parent launch planes in the input deck. An example of the use of the
card types defined in this appendix is presented in Appendix H.

Card Types TST, TSV, and RAP* (a modification of RAP) are unique to the TDHS
version of the model and have been placed in italics.



Table Al - PGP Input Card Types

Card | Reading Using Card Page
Type Routine Routine Burpose Format Number
[ GENERS GENERS Pregame processor control 1 A- &4
™ TYPGEN MSLGEN Missile-type header 1 A- 8
T™P MSLGEN MSLGEN Performance envelope 2 A~ 12
TMT MSLGEN MSLGEN Time-of-flight data 2 A- 14
TML MSLGEN MSLGEN Missile lethality data 3 A- 18
TP TYPGEN CMPGEN Component type header reliability and 1 A~ 20
vulnerability data
TPO CMPGEN CMPGEN Reference peak overpressure 3 A~ 24
TL TYPGEN LCHGEN Launcher type 1 A- 26
TR TYPGEN RDRGEN Radar-type header 1 A- 28
TRI RDRGEN RDRGEN Integer parameters 3 A- 30
TRF RDRGEN RDRGEN Real parameters 2 A- 34
TG TYPGEN GCGEN G.C.C.G. type header 1 A- 38
TGP GCGEN GCGEN Transition points 3 A- 42
TGC GCGEN GCGEN Constraint vector 3 A- 44
TGA GCGEN GCGEN Constraint array 3 A- 46
TE TYPGEN ECMGEN ECM loading group 1 A- 48
TC TYPGEN CSGEN Cross~section group 1 A- 50
TCD CSGEN CSGEN Reflection data 2 A- 54
TS TYPGEN SHPGEN Ship-type header 1 A- 56
TSR SHPGEN SHPGEN Search-radar configuration 3 A- 58
TSG SHPGEN SHPGEN Weapons configuration 3 A- 60
TSC SHPGEN SHPGEN Component data 3 A~ 64
TSH SHPGEN SHPGEN Hull geometry 3 A- 68
TSS SHPGEN SHPGEN Rectangular solid geometry 3 A- 72
TST | SHPGEN | SHPGEN | Track supervisor operator assignments (TDHS) 3 A- 76
TSV SHPGEN | SHPGEN | Component vulnerabdility (TDHS) 3 A- 78
TSX SHPGEN SHPGEN Ship-type trailer card 3 A- 80
TT TYPGEN TGTGEN Target type 1 A- 82
X TYPGEN TYPGEN Trailer card 1 A- 86
BF BOLGEN BOLGEN Boolean function card 7 A- 88
BFC BOLGEN BOLGEN Boolean function continuation card 7 A- 92
BX BOLGEN BOLGEN Boolean function trailer card 7 A- 9%
DF DEFGEN DEFGEN Defense unit 4 A- 96
DX DEFGEN DEFGEN Trailer card 4 A-100
SR SECGEN SECGEN Radar sector 3 A-102
SL SECGEN SECGEN Launcher sector 3 A-106
SX SECGEN SECGEN Trailer card 3 A-110
OR OPTGEN OPTGEN Option for radars 6 A-112
0G OPTGEN OPTGEN Option for guidance-channel groups 6 A-114
OX OPTGEN OPTGEN Trailer card 6 A-116
cM COMGEN COMGEN Communications-1link modification 6 A-118
cs COMGEN COMGEN Communications-link initial status 6 A-122
cX COMGEN COMGEN Trailer card 6 A-124
EN ENVGEN ENVGEN Environmental data 2 A-128
EX ENVGEN ENVGEN Trailer card 2 A-130
RW RAIDGN WPNGEN Weapon profile data 5 A-132
RM RAIDGN MFPGEN Master-Flight-Path header 5 A-136
RMG MFPGEN MFPGEN MFP Data 2 A-138
RA RAIDGN ACGEN Offense unit 5 A-142
RAP ACGEN ACGEN Parasite data 5 A-144
RAP*| ACGEN ACGEN Parasite data for TDHS version ) A-148
RX RAIDGN RAIDGN Trailer card 5 A-152
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CARD PURPOSE -
NAME [} Pregame Processor Control Card 3 ) PAGE 1 Of 1
FORMAT READING . USING v REMARKS
NUMBER L ROUTING GENERS BoLEINE GENERS
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UNITS integer integer { integer
~
RANGE ooriloor1|oor1 | 0or1
OF (Alpha) 20
VALUES only only only only
LOCAL
LABEI (AcARD) MREAD (MLIST) | MWRITE | (mM8080) | MREPL
FORMAT (C {12) (20H) (15) (15) (15) (15) (15) (15) (15) (15) (15) (15) (5X)
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Card Columns

26-30

31-35

36-40

41-45

46-50

Amplification of Card Type C

Description

The label '"C" indicates that this card is the Pregame
Processor control card,

20-character field identifying the input data set--this
field is written as the first record on the repliéation
data file. It may be used later to readily identify a
file on tape and it also appears on the game execution
package summary listings.

These card columns are presently unused.

A value of O or blank indicates that Type data are to be
read from cards only; a value of 1 indicates that Type
data are to be read from tape and may or may not be
supplemented with Type data from cards.

Option controlling the printing of Type data where the
value 0 or blank means include only the newly defined
types (i.e., those types read from the card reader file)
in the input summary, and a value of 1 means print all
types for which there is data.

A value of 0 or blank indicates that Type data are not
to be written on tape; a value of 1 indicates that a
Type data file is to be written if the data are found
to be error free. If a Type data file is written, an
existing file will be lost since the new file overwrites
the old one.

Print option where the value 1 means produce a single-
spaced listing of all card inputs, printing each card
with the same format used for reading the card (which
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Card Columns

51-55

Amplification of Card Type C (Concluded)

Description

means it is not truly an 80-80 listing since the formats
are not strictly FORTRAN A-type conversion) ; a value of
0 or blank means this listing is not desired.

A value of O means that no replication data files are to

be saved so that replication data for this game will be

on the second file (the first file is always the Type data).
A nonzero value specifies the number of existing replication
files to be saved. ©Note that a value of zero (0) will be
assumed if a request is made to rewrite the Type data--it
would be unwise to expect that the new Type data file has
exactly overwritten the old file.
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UNITS integer integer| integer | integer | integer | integer | integer | integer
g [
RANGE 1 to 3to9 |1,2,0r3 )1 to 7 1to 7 lor 2|1 to 15 1 to
OF (Alpha) e
VALUES - NMTMAX only only 1000
LOCAL
LABEL (ACARD) NMT NPE MT N1 N2 ML N3 NC
FORMAT |TM |[{I2) (20H) (15) (15) (15) (15) (15) (15) (15) (I5) (15) (15) (5X)
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Card Columns

26-30

31-35

36-40

Amplification of Card Type T

Description

The label "TM" indicates that this card is a missile
type header card.

20-character field which may be used to assign a name to
the missile type being defined.

Identification number (NMT) for this missile type.

The number of nodes of the convex polygon describing the
performance envelope of missile type NMT. The nodes are
listed in counterclockwise order and define the boundary
of a vertical section of the performance envelope.

Option number for time of flight data. The available
options are:

tion 1: in © = Nl N2 ‘A H sin 67 I
Op i T,(,sin ©) :E: l 1,07 ‘
i=1 j=1

- 4
[\)

j-1 1-1I

Option 2: Tf(H,Z) A(i,j)H Z s

Il

I =
] =
—

Q.

I

=

o “——

Option 3: Tf(H,Z)

i
=3
Sl

where H Horizontal range from missile launcher to target

© = Vertical angle to the target relative to a
horizontal plane passing through the missile
launch position
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Amplification of Card Type T™M (Continued)

Card Columns Description

A = matrix of polynomial coefficients (for
Options 1 and 2), or altitude, range, and
average speed values (for Option 3)

N1 = number of rows in matrix A (2 < N1 < 7
N2 | = number of columns in matrix A (2 < N2 <7
Z = altitude of target above the missile launcher
A . = an average missile speed such that
1,J

A(i-1,1) < Z € A(i,1), 2 < i < Nl?

A(1,j-1) <H <A(Q,j), 2< j< sz

A(1,1) = O for Option 3.

41-45 The value of N1 as defined for Options 1, 2, and 3 above.
46-50 The value of N2 as defined for Options 1, 2, and 3 above.
51-55 Option number for missile lethality data. The general form

is a 3-tuple (pli,p ,p3i) associated with each vulnerability

2i
group i. The options are:

i

Option 1: pl, PK(i)
1

= P{Killltarget in vulnerability group i}

P.. = 1/A. = mean time to die (after
2i i

missile-target intercept) for a
target in vulnerability group i.

A negative exponential distribution
is utilized so that the time interval
from intercept to target death is:
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Amplification of Card Type ™ (Concluded)

Card Columns

Description
1
T (i = Inf—
p¢H Pos n(l—p)

where p = a unifornm random number
sample.

p is unused for Option 1.

3i

Opti 2: = P _(d
ption Py K(l)
= P{Kill‘target in vulnerability group i}
P2_ = (i) = mean of the underlying normal
i
distribution for a log normal time to
die distribution
PSi = 0(i) = standard deviation of the
underlying normal distribution for a
log normal time to die distribution.
56-60 The number, N3, of vulnerability groups (the number of 3-tuples)
for which there are lethality data defined for this missile
type.
61-65 Cost per unit missile of this type expressed in thousands of
dollars.

A-11
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&mhugbmwomdmwmumhmm

CARD PURPOSE
NAME ™P Performance Envelope Data for Missile Type NMT PAGE 2 OF 4
FORMAT READING USING REMARKS
HEEE READING MSLGEN USING € MSLGEN I 2#NPE < 18
1 23] 6F6 78 9 1011121314 15[16 1718 19 20 21 22 23 24 2526 27 28 29 30 3132 33 34 35]36 37 38 3940 4142 43 .:m»ozﬁuemom.mumufﬁwm 57 58 59 60 61 62 63 64 65]66 6768 69 70 7172 73 74 7576 77 78 7980
g e
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= g = o 2 S o > =)
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- - - [TRe] 3] = @ ] 5} [ o
'y 0 3 ] £ @ 3] g
3 e | = £ @ g ® k] £ ©
o < o + 9 o b o o o
2 Al £ 2 = g E 2 & £ 2
@ o £ 0 - £ 5 g o~ 5
a w Pl N =) o =
5 o g E E ] = =
£ 5 2 £ ) ] o - o &
2 E O~ b « e bl ° o <
= o 0., ﬂ ﬂ - o M - P
o ) o
° [} -1 M 4 ¢ N Al m ] ®
~ m o S oA - 3
- 0 o n ) + mw Feg o
n w2 7] a0 - 2 o b
IR ! & 53 & S % pat
£ 338 = o < & P (S o
UNITS kft kft kft kft kft kft
RANGE
OF 20 =0 20 =20 20 20
VALUES
wmmmm FLTARY (1) FLTARY (2) FLTARY(3) FLTARY(4) FLTARY (5) oo o FLTARY (2*NPE)
FORMAT |TM P|(12) (F10.3) (F10.3) (F10.3) (F10.3) (F10.3) (F10. 3) (F10.3) (5X)
1.2 3]45]67 8 91011121314 15[16 17 18 19 20 21 22 23 24 25]26 27 28 20 30 31 32 33 34 35|36 37 36 30 40 41 42 43 44 & 66 57 58 59 50 6162 63 64

66 67 68 69707172 737475

67778 qwmot
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Amplification of Card Type TMP-

Repeat as many cards of this type (up to 3 cards) as is necessary to
describe all of the missile type performance envelope nodes. Each card must
have the letters TMP in columns 1-3, The nodesrare givén in terms of range
and altitude, both in thousands of feet, and are listed in counterclockwise
order. The fields used for the first node (i.e., cblumns 6-15 and 16-25 of
the first card) are used to describe the missile type minimum and maximum
intercept range, respectively, since the first node is assumed to be at
(0,0). The nodes describe a vertical-half-plane section .through the.missile

type's performance envelope and are assumed to define a convex polygon.
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CARD PURPOSE £ OF
NAME  TMT Time of Flight Data for Missile Type NMT PAGE 3 4
FORMAT READING USING _mm_s>mxm *N2) <
NUMBER 2 ROUTINE MSLGEN ROUTINE MSLGEN (N1%N2) 49
1 23Ja 57678 9 101112131415]16 1718 19 20 21 22 23 24 25|26 27 28 29 30 3132 33 34 35[36 37 38 39 40 4142 43 44 45]46 4748 49 5051525354 5 m.mﬂmamomoﬂmumum;momﬂmwquo:;dq:%mdq 7980
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o o [+
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a - - 1 L
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gc gg ge &< ee
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|9 ®
el
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o 3 A 2 o oo o
= S Ed E3 E3 o K Z o
=) ] Q o <) "o ] %]
< S 8o o« [ - 5] = ~
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Eala] © ~
- e g2 ©
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“ 2] [~
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m = o)
o @ =]
E — Q S T
- 0 o QO <
=0T -~
UNITS seconds seconds e e o seconds seconds e e o seconds
RANGE
OF 20 20 20 =0 z0
VALUES
wmmm,_.r FLTARY(1) FLTARY(2) ceee FLTARY(N1) FLTARY (N1+1) PRrars FLTARY (N1*N2)
FORMAT |T M T |{12) (F10.3) (F10.3) (F10.3) (F10.3) (F10.3) (F10.3) (F10.3) (5X)
1 2 3Jas]67 8 91011121314 15)16 17 18 19 20 2122 23 24 25|26 uqumuwuou_uuuuu.umw3888335:&-&S.aawwom_unauu;m 56 57 58 5950 6162 63 64 67 68 6970 71 qud.\:m—;q:cqcs_




Amplification of Card Type TMT

Repeat as many cards of this type (up to 7 cards) as is necessary
to describe all of the elements of the missile type time of flight data
array. Each card must have the letters TMT in columns 1-3. The elements

of the data array must be listed columnwise, i.e.,

{a(1,1), A(2,1), ..., AN ,1), A(L,2), A(2,2), ...,
A(N1,2), ceey A(Nl,NZ)}
For Options 1 and 2 (see Card Type TM) the array elements, A(i,J),

are interpreted as polynomial coefficients. For Option 3 the array is

interpreted as follows:

P
0 R R eeo R
2 3 N
2
Z S S ces S
2 2,2 72,3 2,N,
A = Z S S eee S
3 3,2 .3,3 3,N ?
2
Z S S S
N N_,2 N_,3 ...
1 ’ 1’ N oy
L
where A = 0 (always)
11
Si' = an average speed value used to compute
J

missile time of flight for an intercept
at range R and altitude Z such that

Z. < Z <7
i-1 i’

R._<R<R.
Jj-1 J
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Amplification of Card Type TMT (Concluded)

Note that for Option 3, the value of ZN = A(Nl,l) must be at least
1

as large as the maximum intercept altitude allowed by the missile type

performance envelope. Similafly, RN = A(l,Nz) must be at least as large
‘ 2
as the maximum intercept range.
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(This page blank)
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MWHM TML PURPOSE Lethality Data for Missile Type NMT PAGE 4 OF 4
FORMAT READING USING REMARKS
NUMBER 3 ROUTINE MSLGEN ROUTINE MSLGEN (3%N3) < 45
T 2304 6F6 78 9 1011121314 15]16 1718 19 20J21 22 23 24 25|26 27 28 29 30313233 34 3536 37 38 39 40}41 42 43 44 45]46 4748 49 546152 53 64 5556 57 58 59 60461 626364 66 6768 69 7017172 7374 75176 77 78 79.80)
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a 4 P M 3 P ] P o
@ & [N a ay [ [ a [
8 a 3 & 3 a 3 a G
= = = = = = = =
o
o
b4
<
2
<]
2
= o =
-4 2 2 - —
I o
Q Q — g - @©
[ - + — Q b <1 -
o [ = =% [x] ¥
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a 3 b > =
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2 a [ 7]
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- o 8
>
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— Pe R
E 53
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@ L o«
- Ad
UNITS percent | seconds seconds | percent seconds seconds | percent seconds
RANGE
OF 0 to 100 =0 20 0 to 100 20 20 0 to 100 20
VALUES
LOCAL INTARY INTARY INTARY INTARY INTARY INTARY INTARY INTARY
LABEL ¢V (2) 3 0 (5) 6) &) e AR B N € )
FORMAT |TML |{I2) (15) (1I5) (I5) (15) (15) (I5) (15) (15) (15) (I5) (15) (15) (15) (15) {(5X}
12 3]45]67 8 910111121314 15[16 17 18 19 20§21 22 23 24 25|26 27 28 29 303 32 33 34 35{36 37 38 39 40]41 42 43 44 4546 4748 49 mmm_uumumum 56 57 58 59 50§61 62 mu?mm%m:ﬁqua 1727374 75p6 77 ;Guol




Amplification of Card Type TML

Repeat as many cards of this type as is necessary to describe a
lethality 3-tuple for each of the N3 vulnerability groups specified on
Card Type TM. Interpretation of the lethality 3-tuples within the
simulation model will be in accordance with the option number specified
in columns 51-55 of the Card Type TM, and each Target Type will be

assigned to a vulnerability group on Card Type TT (columns 31-35).
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COMPONENT TYPE CARD INPUT

CARD PURPOSE
NAME TP Component Type Header Card PAGE 1 oF 2
FORMAT READING USING REMARKS
NuvBer 1 RQUTINE ____TYPGEN AOuTINg  CMPGEN
12344 516 78 9 7(§1112131415]16 1718 19 20§21 22 23 24 75]26 27 28 29 30J3132 33 34 I 36 37 38 9 40J41 42 43 44 45]46 4748 49 505152 53 54 55156 57 58 59 60[61 62 63 64 63 66 6768 69 7471737374 75176 77 78 79 80
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UNITS integer |qtr. hr. mwwm_wnm integer | integer | integer | minvtes |seconds | seconds moww...mdm monwﬂm
RANGE 1t 0 0 0
OF Alpha ° >0 >0 to to to > > > >
VALUES (Alpha) NCTMAX Z > 1000 1000 1000 >0 =0 >0 =0 =0
LOCAL
LABEL (ACARD) ICcT
FORMAT | TP }{I2) (20H) (15) 15) (15) (15) (15) (15) (15) (15) (15) (15) (5X)
v 2 3]as]6 7 8 9 10ft112 13 vavefte 17 18 19 30J21 22 23 24 75|26 27 78 28 30031 37 33 34 336 37 38 39 40J4 1 43 43 44 4E}a6 17 48 W3 505157 5T 54 S45E 5T T E9 S0k 6T 53696 66 67 68 69 7071 72 73 74 75p6 77 7879
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Amplification of Card Type TP

A component may be considered to be any entity associated
with a ship (or defense unit) whose functioning may be essential
to the operation of other shipboard elements and whose failure and/
or damage in battle may contribute a cost to the task force.

Card Columns Description

1-2 "TP" label indicating this is
a component type data card.

6-25 20-character field which may
be used to assign a name to this
component type.

26-30 Identification number for this
component type, which is used as
a reference number when defining
components within ship type.

31-35 Expected time between spontane-
ous failures of this component
type, given in quarter hours.

36-40 Replacement cost of a component
" of this type, expressed in thou-
sands of dollars.

41-45 Vulnerability factor of E[R] x
1000, where R is the percentage
cost in terms of current value
of a component of this type, and
the expectation of R is calculated
given that the peak overpressure
the component sustains is the ref-
erence peak overpressure defined
below.

46-50 Variance of R factor of K x 1000,
where Var[R] = Kup(l—up), in
which up is the expectation of R
given that the peak overpressure
is p.

51-55 Failure factor of E[R] x 1000,
where R is the percentage cost in
terms of current value of a com-
ponent of this type.

56-60 Expected repair delay time, ex-
pressed in minutes.

A-21
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Amplification of Card Type TP Continued

Card Columns

61-65

66-70

71-75

76-80

Description

Expected time to die, expressed
in seconds.

Standard deviation of time to
die, expressed seconds.

Expected repair rate, expressed
in dollars/hour.

Standard deviation of repair rate,
expressed in dollars/hour.
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(This page blank)
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PURPOSE

Component Type data card

READING USING REMARKS
ROUTINE ROUTINE
::a:ﬂa:; 19 20021 22 23 24 25026 27 26 29 3 4142 43 44 45]46 4748 49 50| 56 57 58 59 60]61 62 63 64 6!
2
o
-
8 |3 |3|48
-4 i< L I
b4 o
e =
5| ¢
-4 @
o o »
- - » o
a v ] H
Fd o - m.
O ] 0
3 K] o
» b 8
2 ~
£ w
< &
Q
Q
=]
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=~
[
s
o
UNITS
RANGE
OF
VALUES
LOCAL
LABEL
FORMAT (15) (15) (15) (I5)

§78 910f11121314 151617 1819

2122 2324 25126 2728 29

(15) (15)
36 37 38 39 4014142 43 44 &

374849 50]F 152 53 54 5556 5758 59 5046162 63 64 66§56 67 68 60 70§71 72 73 74 766 77 T8 7990
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Amplification of Card Type‘TPO

Card Type TPO is a continuation of éomponént type data, and
immediately follows Card Type TP.

Card Columns Description

1-3 "TPO" label, indicating this is
a continuation component type
data card. e

6-10 Reference peak overpressure ex-
pressed in pounds/square inch,
which is defined to be that
overpressure at which the proba-
bility the component is damaged
is 0.5. '
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CARD PURPOSE
NAME TL Launcher Type Card PAGE 1 OF 1
FORMAT READING
NUMBER 1 ROUTINE TYPGEN LCHGEN REMARKS
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3 [ 2 g 3 g 3
o a o & o [ & o
i Q <] < <) - <] |
& < < ~ @ < = < < < o o1 <
@ < N ~Q N ) -] [ [ w0 = ~
Q = = w ea - 4 I o @ = 4 2
@ =k a & [ [ [ a
o o - 4_. o + == =] o o
Sca 3 3 3 3 3 3
[ o
K] a
3 &
0
] =
: g
) [ E ;)
~ E ] “ £ ~
5 5] e o 3 o
z & = v & 3 &
o o o > o e
- - - <3 £ o o} B <]
o @ = > m el o
T Q - [ 2] kel F=1 — kel [ O
& G = @ Gl i} o @ > Q
9 — kel r [ < ~ ° ] o = N
W @ £ T g > 8 w K 3 3 !
o | o g 3 I 5 4 ] o =y
= = 5 «© - 0 o [
2 3 - 3] — 1 = o0 (5]
o L] [ '3 ] bl ad [+] o had
=] W W o, w. m “ L%l _..m
13 s W.. O o~ - [ ]
2] () 4 - £ =1
£ & Q - [+] « bl a
] IR g 2 5 2
< — g o 15 1 o
C] ~ N ) & © 9]
=] n g @ o o @ —~ L
3 w 3 b @ E ey o »
« - @ o > =} > 3
= = A = e = - [ 0
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OF (Alpha) 1to |ltol5) 1to63]1to15]| 0 to 6310 to 63 | 0 to 63
VALUES NLTMAX
LOCAL
LABEL (ACARD) LRT MT MC NR NRD NCD NBD
FORMAT IT L (12) (20H) (15) (15) (15) (15) (15) (15) (I5) (15) (I5) (15) {5X}
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Card Columns

26-30

31-35

36-40

41-45

46-~50

51-55

56-60

Amplification of Card Type TL

Description

The label "TL" indicates that this card is a launcher
type card,

20-character field which may be used to assign a name to
this launcher type,

Identification number for this launcher type.

Missile type launched by this launcher type (see Card
Types T, TMP, TMT, TML).

Capacity of the launcher type's missile magazine.

The number of rails on this launcher type.

Inter-rail firing delay (i.e., the time that it takes

a launcher that has just fired to be ready to fire
again, given that at least one loaded rail remains).
Cycle time for reload (i.e., the time that it takes a
launcher that has just fired a missile from its last
loaded rail to be ready to fire again),

Button pushing delay (i.e., the time between activation

of the launcher firing circuit and the actual firing of
a missile salvo), -
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CARD PURPOSE
NAME TR Radar Type Header PAGE 1 OF 3
FORMAT READING USING _ REMARKS
NUMBER 1 ROUTINE TYPGEN ROUTINE RDRGEN
1234 51678 9 101112131415 16 1718 19 20 21 22 23 24 25]26 27 28 29 30§31 32 33 34 35]36 37 38 39 40J41 42 43 44 4546 47 48 49 5 m_mumu.ﬂmmmm.ﬂwmmwaom_mnmwma 66 6768 69 7007172 7374 75p6 77 78 78 80]
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RANGE 1 to 1l to 50 to 31 0 to 31 |0 to 31 >0
OF (Alpha)
VALUES NRTMAX only
LOCAL
ACA;
LABEL (ACARD) NRDR
FORMAT {T R (12) (20H) (15) (I5) (I5) (I5) (I5) (15) (15) (15) (15) (I5) {6X}
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Card Columns

1-2

6-25

26-30

31-35

36-40

41-45

46-50

51-55

Amplification of Card Type TR

Description

The label "TR" indicates that this card is a radar
type header. ’

20-character field which may be used-to assign a name
to this radar type. '

Identification number (NRDR) for this radar type.

Radar frequency band index, where 1, 2, 3, 4, or 5
represent P-, L-, S~, C-, or X-Band respectively.

Target acquisition delay time for fire control radars.
This delay represents the mean time from assignment of a
fire—control radar to a target to the acquisition of the
target by the radar. This delay is not . applicable to
surveillance radar types.

Kill evaluation delay time for fire control radars.
This delay represents the mean time from intercept of

a target to the assessment of the intercept.

Suryeillance radar scan period. This parameter is not
applicable to fire-control radar types.

Maximum unambiguous range, or scope limit, in kft.
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m_”ﬂw TRI PURPOSE Integer Parameters for Radar Type NRDR PAGE 2 OF 3
JSI = the total number of inpteger, parameters required
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Amplification of Card Type TRI

The fields described below are for radar simulation model Options 1

through 4 which require up to 14 iﬁteger values. Other options, not yet

defined, may require additional integer values; these would be specified

on one or more additional Type TRI cards.  The simulation model option

for an individual radar set is selected in the Defense Generator.

Card Columns

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51-55

56-60

61-65

Description

The label "TRI" indicates that this card contains
integer parameters for the radar type being processed.

Radar wavelength in centimeters.

Receiver IF noise bandwidth in megahertz.

Transmitter antenna gain in db.

Receiver antenna gain in db.

Sidelobe level in db down from the receiver main beam.
Transmitter losses in db.

Receiver losses in db.

Receiver noise figure in db.

Number of pulses integrated.

False alarm probability factor, a, where a = —1og10Pfa

. -a
P <IN P = 10 .

(i.e., fa )

Horizontal antenna pattern function index.

Vertical antenna pattern function index.
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Amplification of Card Type TRI (Concluded)

Card Columns ' ' . Description
* .
66-70 Applicability of gimbal constraint (gg), raster
constraint (rc), and pencil beam constraint (pc)
packed as:

-100*%gc + 10%*rc + pc

71-75 Applicability* of closing speed resolution (sr),
range resolution (rr), horizontal angle resolution (hr),
vertical angle resolution (vr), and perfect resolution
(pr) , packed as:

4
10 *sr + 103*rr + 102*hr + 10%vr + pr ,

£ 3 .
Applicable if equal to 1; otherwise O.
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CARD PURPOSE
NAME TRF Real Parameters for Radar Type NRDR PAGE 3 OF 3
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Amplification of Card Type TRF

The fields described below are for radar simulation model Options 1
through 4 which require up to eight floating point values. Other options,
not yet defined, may require additional floating point values; these would
be specified in additional card fields as required. The simulation model

option for an individual radar set is selected in the Defense Generator.

Card Columns Description

1-3 The label "TRF" indicates that this card contains the
floating point, or real parameters for the radar type
being processed.

6-15 RC(1,NRDR). Lower bound of the verticai angle
coverage for this radar type in degrees above (> 0)
or below** (< 0) the radar horizon.

16-25 RC(2,NRDR). Upper bound of the vertical angle
coverage for this radar type in degrees* above (& 0)
or below** (< 0) the radar horizon.

26-35 RC(3,NR2R). Receiver horizontal 3db beamwidth in
degrees .

36-45 RC(4,NRDR). Receiver vertical 3db beamwidth in
degrees*. This parameter is ignored if the antenna
pattern specified is other than a pencil bean.

46-55 RC(5,NRDR). Peak power level in the transmitted pulse

in megawatts.

*
Angular values are converted and stored in units of radians.

*kk

Coverdge below the horizon applies to targets at ranges less than R
(the range to the horizon for a zero altitude target) which may
have negative elevation angles but are visible nevertheless.
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Amplification of Card Type TRF (Concluded)

Card Columns Description
56-65 RC(6,NRDR). Transmitted pulse length in microseconds.
66-75 RC(7,NRDR). Received pulse length, after compression,

in microseconds. (Differs from the transmitted pulse
length by the pulse compression ratio).

Second card

1-3 The label "TRF".
6-15 RC(8,NRDR). The speed (doppler) resolution parameter
in kft/sec.
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CARD PURPOSE
NAME G Guidance Channel Constraint Group Type Header PAGE 1 OF 4
FORMAT READING USING REMARKS
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Amplification of Card Type TG

Each missile launcher has associated with it a guidance channel group
of one or more guidance channels, or information processors. Many guidance
channel groups within a task force may follow the same laws or rules
governing multiple, simultaneous engagements, and a constraint group type
is simply a collection of parameters describing the behavior of a family,
or group, of guidance channels. The form and application of the constraint

expressions are as follows.

For any missile assignment, define the state of the assignment at
time t to be the number of inflight transitions havihg been passed thfough
at that time. Thus, the assignment is in state O ét launch time and
state NT (the number of inflight transitions) at intercept time. Consider
a column vector S(t) having components si(t), where si(t) is the total num-
ber of assigmments in state i at time t being serviced by the guidance
channel group under consideration. The guidance-channel constraint may be

expressed as:

A S(t) <€ n(t)C for any t

where
A = an NR by NT+1 array of coefficients
S(t) = the NT+1 by 1 column vector of assignments at time t
n(t) = +the (scalar) number of guidance channels in the
guidance channel group that are active (i.e., not
disabled) at time t
C = an NR by 1 column vector of constraints.
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Amplification of Card Type TG (Concluded)
A new missile engagement will be undertaken only if the inequality
above would be satisfied throughout the anticipated time of flight of the

assignment under consideration.

Card Columns Description

1-2 The label "TG" indicates that this card is a header for
a guidance channel constraint group type.

6-25 20-character field which may be used to assign a name to
the guidance channel constraint group type being defined.

26-30 Identification number for this guidance-channel constraint
group type.
31-35 Total number of guidance channels associated with this

constraint—group type.

36-40 Number of inflight transitions, NT, associated with this
constraint=group type. This value plus one corresponds
to the number of entries on Card Type TGP and to the
column dimension of the array A on Card Type TGA.

41-45 Number of constraint equations, NR, associated with this
constraint group type. This value corresponds to the
number of entries on Card Type TGC and to the row dimen-
sion of the array A on Card Type TGA.
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CARD PURPOSE s .
NAME TGP Transition Points for G.C.C.G. Type NGCG PAGE 2 OF g4
FORMAT READING USING REMARKS
NOMBER 3 ROUTINE CGCGEN ROUTINE GCGEN NT < 7
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Amplification of Card Type TGP

Each element of the column vector P on this card corresponds to a
percentage of total flight time of a missile assignment (i.e., the time
from launch to predicted intercept). Each such percentage multiplied by
the total flight time determines a point in time during the flight of a
missile at which transition is made from one guidance state to the next,
The components of this vector are nondecreasing (i.e., Pi+1 2 Pi)' and
the final transition percentage is always 100. Thus, if zero (0) transitions

are specified on Card Type TG, a single value of 100 would be entered on

Card Type TGP.
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CARD PURPOSE
NAME TGC Constraint Vector, C, for G.C.C.G. Type NGCG PAGE 3 OF 4
FORMAT READING USING
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Amplification of Card Type TGC
The column vector, C, defined on this card is the principal element

on the right-hand side of the guidance channel constraint group inequality

expression discussed with Card Type TG.
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Mnﬂm TGA PURPOSE Constraint Array, A, for G.C.C.G. Type NGCG PAGE 4 OF 4
FORMAT READING REMARKS * <
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Amplification of Card Type TGA

The array, A, defined on the TGA card(s) corresponds to the

coefficient array on the left-hand side of the guidance channel constraint

group inequality expression discussed with Card Type TG.
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C TE PURPOSE ECM Loading Group PAGE 1 OF 1
NAME
FORMAT READING USING REMARKS
NUMBER 1 ROUTINE TYPCEN .—moc.:Zm ECMGEN .m_ —
12304 5T6 78 9 101112131415 16 1718 19 20 21 22 23 24 25]26 27 28 29 30J3132 33 34 35[36 37 38 39 404142 43 44 45]46 4748 49 5005152 53 54 55§56 57 58 59 60J61 62 63 64 65166 6768 69 707172 73 74 7576 77 78 79 8O
z
2 ol o o o o oS
e
& < = < o <] <] <] © <} =
m M /N\ z /N\ 3 m Z o~ z N~ 2z~
El
o
S
©
o
-
E
o - > > > > > -
3 3 ¥ 3 H % 3 3 5
8 g 5| g 5 § § 5 5 3 @
.M = .m \.w) % m ] ° ] 1 ° B /._w
= o
g |2 [= s 3 - 5 5 5 5 5 3 <
b a1 o Lo ° E Ed Ed £ Ed o
2 ® » g o o o [} <} g
=] a m w. M ~ o =% a o a 3
2 < ° o T ° o ° T @
=) o n > =) =1 £ = s w
~ [C] g ] o I o & -~
o m m [ 0 [
o - J [ [ 1 )
= o] [ =] [} [ b
Lal o
o RS
L
= 2,
g 5o
=] (S
UNITS integer | integer | w/mHz w/mHz w/mHz w/mHz w/mHz
mvﬂOm 1 to Oor 1l 0 to 0 to 0 to 0 to 0 to
VALUES | nEcMax | on1y 1023 1023 1023 1023 1023
LOCAL
LABEL NG
FORMAT |TE (12} (20H) (15) (15) (15) (15) (15) (I5) . (15) (15) (15) (15) (5X}
' 2 3]4 516 7 8 910 11121314 1516 17 18 19 20 2122 23 24 25|26 27 28 2 3057 32 33 34 35|96 37 38 39 40]a1 47 43 44 4546 47 43 49 5 15253 54 5556 57 68 69 6! _mumu?mﬂmﬂgmf 7172737475 oﬁqnqwﬂ




Card Columns

1-2

26-30

31-35

36-40

41-45

46-50

51-55

56-60

Amplification of Card Type TE

Description

The label "TE" indicates that this is an ECM Loading
Group card.

The identification number of the ECM Loading Group data

that follows. It may be used as a reference number when
generating targets (aircraft and missiles).

Communications .band jamming indicator where 1 indicates
that this is a jamming group and O (or blank) that it is
not. '

P-Band power density given in w/mHz.

L-Band power density given in w/mHz.

S-Band power density given in w/mHz.

C-Band power density given in w/mHz,

X-Band power density given in w/mHz.
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CARD PURPOSE
NAME c Cross Section Group Header Card PAGE 1 OF 2
FORMAT READING REMAR
NUMBER 1 ROUTINE TYPGEN CSGEN _ EMARKS
1230450678 9710711213141516 1718 19 20 21 22 23 24 25|26 27 28 29 30313233 34 35[36 37 38 30 40)3142 43 44 & 7172 7374 7506 77 78 79 80}
z
<]
5 o’ o ™~ o <
8 N B < e ] ] o <
-9 = 2z = o~ O o~ O o~ S o~ =
& n o 178%) @9 a2y
<) g2 gE gE ge
[
]
3 g
a g
3 g ©
~ -l 3
s © @ ~
”~~
] )
z 5 B3 o @ z ~ o
=] to ~ [ =) Q o -
= Q o k=1 w 5 m bt
= — 2 o = '3 [$) [ 1
a © 2] 0 - o Z o~ <
T 2 ! 3 £ ] o, ®
153 o [= (&) - - J Q
@ R | m 3 © o g
w Q O [+] s 12} T bk Qo
8 5 g 5 * : gs g
: g LY : S
g § 8 2 3 § 3 s
-t Eel ~ [T Ll o]
- m (=] ]
(3] - o4 O -
® g 6 o ° o ~
w - Q w -
o P Lo o
" o © O o n o
w -l 2 L o m -
o ey ] g = 0 o
£ o. o © [
(4] [=] = P z A [S 2R
UNITS integer | integer | integer | integer | integer
mvﬂmm 1to [1,2,0r3}1to7 ] 1to7
VALUES NCSGMX only only only
LOCAL
LABEL NG M NI NJ
FORMAT |T C (12) (20H) (15) (15) (15) {15) (15) (15) (15) (15) (15) (15) {5X)

1 2 3]45]6 7 8 910111213141516 17 18 19 20 2322 23 24 25]26 2728 29 .E&SEW 0141 42 43 44 45



Card Columns

1-2

26-30

31-35

where

Amplification of Card Type TC

Description

The label "TC" indicates that this is a cross-section
group-header card.

The identification number, NG, of the cross section group
data that follow. This value may be used as a reference
nunber in describing a target type on Card Type TT.

Option number for radar cross_section data. The available
options are:

Option 1: o(I,M) = A(I,1,M)
NJ ‘ _ 1l
Option 2: o(I,®,M) = Z A(I,j,M) éJ :
J=1 '
NI NJ 1 i1
Option 3: o(% ,&8 M) = :E: :z: A(i,j,Mm) 55 &)
H V . - H A
i=1 j=1

the radar cross section value computed for the target
being considered

the radar frequency band index
the cross section group to which the target belongs (=NG)
the cross section data array

the solid aspect angle of the target with respect to
the radar position
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Amplification of Card Type TC (Concluded)

Card Columns Description
@H = the horizontal aspect angle
@V = the vertical aspect angle.

Note that the cross section value computed with Option 3 is independent

of the radar frequency band.

36-40 Number of rows, NI, in cross-section data to be specified
on Card Type TCD.

41-45 Number of columns, NJ, in cross-section data to be
specified on Card Type TCD. If Option 1 is given on
columns 31-35 of this card, the value of this field is

assumed to be 1.

46-50 Cross—section model number (scintillation group).
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Amplification of Card Type TCD

Repeat as many cards of this type (up to 7 cards) as is necessary
to describe the cross~section data array. Each card must have the letters

TCD in columns 1-3.

If Option 1 is selected on Card Type TC, only one card is necessary

to list the single column of cross section data for this group.
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CARD PURPOSE
TS o Ship Type Header Card PAGE 1 OF 5
NAME B
FORMAT 1, READING USING REMARKS
NUMBE RQUTINE TYPGEN ROUTINE SHPGEN
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Card Columns

1-2

6-25

26-30

31-35

36-40

41-45

46-50

51-55

Amplification of Card Type TS

Description

The label "TS" indicates that this is a ship type header
card.

20-character field which may be used to assign a name to
the ship type being defined.

The identification number for this ship type.

The number of scanning radar sets on this ship type.
Each set will be assigned a radar type on Card Type TSR.

The number of guidance channel groups on this ship type.
Data for each group are described on Card Type TSG.

The total number of guidance channels on this ship type.
Each guidance channel group has associated with it one
or more guidance channels. The sum of guidance channels
over all such groups (see columns 36-40) must agree with
the value of this field.

The total number of missile launchers on this ship type.
Each guidance channel group services one or more launchers.
The sum of launchers over all such groups must agree with
the value of this field.

The number of tracking operators aboard this ship type. (for TDHS
version only ).
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CARD PURPOSE GE oF
NAME TSR Search Radar Configuration of Ship Type NST PA 2 1
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Amplification of Card Type TSR

This card is necessary if the number of scanning radars specified
on Card Type TS is nonzero. Columns 1-3 contain the letters TSR. Each
scanning radar is assigned a radar type that has previously been defined

by Card Types TR, TRI, and TRF. Up to seven scanning radar sets per ship

type are allowable.

A-59

AITITSSYIONN



sl el _=2]c
2l 2o lEo2]z2
202925 DESCRIPTION DISPOSITION
- B el
[ w m
]
=y oy =zl 2 o
oo Label N/A SIS E &
w|@ “HoZ) m O
s e £ :H?f‘
ol B (Unused Integer) N/A =
-] - ) g
~ Z .. |5 | Tracking Radar Type for the lst MNSHPT - Q
@l & g + |3 |Guidance Channel Group for Ship Type a @
ol & o |m (NST) ©
© ] @ | NST -
(=]
= 2 " . = :n% ]
id o ar|s Guidance Channel Constraint Group Type MNSHPT,, ;;E) S
ola g g]a for the lst Guidance Channel Group (NST) Ggg 3
2 & | for Ship Type NST =fro| &
g = ; Number of Launcher Types serviced by = ‘f
2S5 & [8 g |8 | the 15t cuid MNSHPT N
H 22148 e 1st Guidance Channel Group for (NST) E =
3|7 &5 1< « |8 |Ship Type NST @ g 2
3 S ‘ a
™
ol H |~ : g
ol ~ Q = ~ 3
8 P 8 g e Mll’ the 1lst Launcher Type serviced MNSHPTd N -
I e “ w |%B [by the 1lst G.C. Group (NST) % 5
3] il ] 2
5 N s[oc] o
y N E yjegt =
g a ‘é: g v“g N11, the number of launchers of Type MNSHPT 3 52 g
3 < < 5|8 {My; serviced by the 1st G.C. Group (NST) g% o
8 2 z
I . . . . I§] —
8 o wl 0 <
of - . [ ] . L ] w % g
2l St .o . ] . S 5 =
w i} 4 12
% ]
Aa g ™ :
8| & R the NLCHTth Launcher Type MNSHPT, Q
8 < <0 Myrcur,1* the ype .- (NST) o
] o 8
b Q
> 3l =
5 g - £ 8 g
~
2 a a S NNIJCHT,I, the number of launchers o MNSHPT, o )5
< I < type My1CHT,1 - -+ (NST) 5 3
% o
5 s
& = &
& — 3
o 0
E (Only one Guidance Channel Group is E
E ] described on each "TSG" card. Use E
ol € additional cards of similar format Yy
@ as required to describe all 'NG" &
& Guidance Channel Groups specified on § -
b R the "T8" card.) 4l
: 3 o, 8
© el ©
N
= &
2 = I
ol - o
2l & A
ol @ bad 01
-3
: sl =
k4 )
= ol 2
’:],\ ol @
-3 Ml n
gl © % °l 2
~ - 0
X & m
N 3
N e N
3 5 |
~y o~ ~
» -~
] > Q
h -
N N
al 2 (Sequence Field) N/A 2 -
3~ >
& s

A-60



Amplification of Card Type TSG

There is one card of this type for each guidance-channel group (which
means that no cards are necessary if there are O groups). The number of
groups is given on Card Type TS. Each group has associated with it one
or more guidance channels and services one or more launchers. When all
TSG cards have been read for a ship type a check is made to see that the
total number of guidance channels and launchers over all groups corresponds
to the totals given on Card Type TS. 1If agreement is not found, the error

indicator is turned on, a message is printed, and processing continues.

Card Columns Description

1-3 The label "TSG" indicates that this is a weapons
configuration card for a guidance-~channel group, IG,
belonging to the ship type being processed, (NST).

6-10 Tracking radar type for guidance-channel group IG
and ship type NST. This value refers to a data set
defined by Card Types TR, TRI, and TRF.

11-15 The guidance channel constraint group type for guidance
channel group IG and ship type NST. This value refers
to a data set defined by Card Types TG, TGP, TGC, and
TGA. Note that the guidance channel constraint group
type determines the number of guidance channels for
group IG (see Card Type TG).

16-20 The number of launcher types, NLCHT, serviced by
guidance—channel group IG.

21-25 The 1st launcher type M; 1G serviced by guidance
H

channel group IG. This value refers to a data set
defined by Card Type TL.

26-30 The number of launchers N of type M serviced
1,IG 1,I1G

by guidance channel group IG.
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Amplification of Card Type TSG (Concluded) I
Card Columns Description l
31-35 Same as card columns 21-25 but for M2 e if NLCHT = 2. l
s .
- 26— i
36-40 Same as card columns 26-30 but for N2,IG and M2,IG if
NLCHT = 2. '
41-45 Same as card columns 21-25 but for M3 16 if NLCHT = 3.
’
46-50 Same as card columns 26-30 but for N3 16 and M3 6 if l
NLCHT = 3. ’ ’
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CARD PURPOSE
Name TISC Component Data for Ship Type PAGE 4 oF 7
FORMAT READING USING REMARKS
NUMBER 3 ROUTINE __ SHPGEN ROUTINE _ SHPGEN
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Amplification of Card Type TSC

One TSC card is required for each component associated with
ship type NST. Usually one such card is defined for each of the
NR radar systems, NC guidance channel systems, and NL launcher
systems as specified on Card Type TS as well as for any other
components desired to model the ship type. The sum of components
taken over all ship types in a given replication may not exceed
ICOMAX; the number associated with a particular ship type may
range from zero to ICOMAX., Within each ship type, all type TSC
cards must follow the last type TSG card and precede the type
TSH card.

Card Columns Description
1-3 "TSC'" label indicating this is
a component card for ship type
NST.
6-10 Component ID number, assigned

by the user, which must be
unique within ship type NST.

11-15 Component type number to be
associated with this component,
referring to the data set de-
fined by cards of type TP.

16-20 x~coordinate of the component's
position relative to the local
ship fype coordinate system
(feet).

21-25 . y-coordinate of the component's
position relative to the local
ship type coordinate system
(feet).

26-30 z-coordinate of the component's
position relative *to the local
ship type coordinate system
(feet).

31-35 Binary flag indicating component

is exterior (1) or interior (0)
to the ship's hull.
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Amplification of Card Type TSC continued

Card Columns

36-40

41-45

46-50

Description

Scenario cost index, indicating
the component's value to the task
force overall. '

System code, indicating that this
component is a radar (1), guid-
ance channel (2), launcher (3),
or other type of component (0 or-
blank).

System type number, giving radar
type number, guidance channel
type number, or launcher type
number, if system code above is
1, 2, or 3 respectively; field
is 0 or blank otherwise.
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CARD PURPOSE
namve TSH Ship Hull Geometry Card for Ship Type NST PAGE 3 oF 7
FORMAT READING USING REMARKS
NUMBER 3 ROYTINE _ SHPGEN ROUTINE __ SHPGEN
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Amplification o

Card Type TSH describes the
Exactly one TSH card is required
and it must follow the last type

f Card Type TSH

geometry of the ship's hull.
within each ship type data set,
TSC card, if any, and precede

the first type TSS card, if any.

Card Columns

Description

1-3 "TSH" label indicating this is
a ship hull-geometry card for
ship type NST.

6-10 Depth of keel in feet.

The following six entries are hull
descriptors, representing distances
in feet as illustrated on the fol-
lowing page in Figure A-1:

11-15 Hull descriptor K+1,

16-20 Hull descriptor K+2,

21-25 Hull descriptor K+3,

26-30 Hull descriptor K+4,

31-35 Hull descriptor K+5,

36-40 Hull descriptor K+6.

41-45 Height of main deck above water,

expressed in feet.
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CARD PURPOSE
NAME TSS Ship Rectangular Solid Geometry Card for Ship Type NST PAGE 6 OF 7
FORMAT READING USING REMARKS
NUMBER 3 ROYTHINE _SHEGEN ROUTINE _ SHEGEN
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Amplification of Card Type TSS

Card Type TSS describes the size and location of a rectangu-
lar solid positioned on the ship's deck. One TSS card is re-
quired for each rectangular solid used to model the superstructure
of the ship. All type TSS cards for a given ship type, if any,
follow the type TSH card and precede the type TSX card.

Card Columns Description

1-3 "TSS" label indicating this is
a ship-rectangular-solid-geom-
etry card for ship type NST.

6-10 x~-coordinate of the rectangular
solid's location relative to the
local ship type coordinate system
(feet).

11-15 y-coordinate of the rectangular
solid's location relative to the
local ship type coordinate system
(feet).

16-20 z~-coordinate of the rectangular
solid's location relative to the
local ship type coordinate system
(feet).

21-25 Length of the rectangular solid,
expressed in feet.

26-30 Width of the rectangular SOlld
expressed in feet.

31-35 Height of the rectangular solid,
expressed in feet.
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Example of Ship in Rectangular Solid Configuration

Figure A-~2 illustrates a hypothetical ship in rectangular
solids configuration. The main deck is represented by the
solid outlined by indices 1 through 12, with the water line
indicated by indices 1 through 6. ‘The superstructure of the
ship is described by two rectangular solids, the larger by
indices 13 through 20 and the smaller by indices 21 through
28.

The geometrical description of this ship would consist
of one card of type TSH followed by two cards of type TSS.
The parameters describing the hull and main deck - the hull
descriptors as illustrated in Figure A-1, the depth of the
keel, and the height of the main deck - would appear on the
type TSH card. Each type TSS card would contain a describ—
tion of one of the two rectangular solids, including its
position (P1 or P2) expressed in terms of the local ship
Cartesian coordinate system and its length, width, and height

as illustrated in Figure A-2,
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CARD PURPOSE
NAME  TST* Track Supervisor and Tracking Operator Radar Assignments for Ship Type NST PAGE 3 OF 5
FORMAT READING USING REMARK
NUMBER 3 ROYTINE __ SHPGEN ROUTINE __ SHPGEN _ ARKS
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Amplification of Card Type TST

This card appears only in the TDHS version of the model, where it follows Card
Type TSR. This card is necessary if the number of scanning radars specified on Card
Type TS is nonzero. Columns 1-3 contain the letters TST. The first entry gives the
local radar number (1 - NR) to which the Track Supervisor is assigned, and the second
entry gives the factor (power of 2) to be applied to the scope limit of the radar. Then
for each tracking operator associated with this ship type the remaining entries give the
local radar assignment and the scope limit factor. If the operator is in automatic offset
mode, add 10 to the local radar number and enter this value for the operator.
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CARD PURPOSE
NAME TSV . Component Vulnerabilities for Ship Type NST PAGE 4 OF 4
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Amplification of Card Type TSV

This card temporarily replaces the TSC, TSH, and TSS card types in the TDHS
version of the model. At the present time, damage assessment in the TDHS version is
much simplified from the parent model. Given an IMPACT event, damage probabilities
are calculated directly from the warhead size of the impacting target, the relative vulner-

ability of each shipboard component (limited here to radars, guidance channels, and missile

launchers), and the distance of each such component from the detonation point of the
impacting weapon. Monte qulo evaluations are then made to determine the survival of
individual components. Once a component is disabled, it remains so for the duration of
the game.

Each ship type has associated with it NR radars, NC guidance channels, and NL
launchers. These values are specified on Card Type TS. If the sum of these components,
NRLC, is 0 (NR+NC+NL=0) then no cards of this type are required. If the sum is non-
zero, the position and vulnerability factor of each component is described on this card
type. The data are first listed for all radars, followed by guidance channels, and finally
by launchers.

Components that are colocated form a component group. Each component group is
described by a 5-tuple p;, 0, Z;, V;, n; where n; represents the number of components in
group i at position p;, 0;, Z; and with vulnerability factor V;. Two 5-tuples may be
specified on one card, and up to 10 5-tuples are allowed for describing all components.
The sum of n; over all 5-tuples given must be equal to NRLC.

Card Columns . Description
1-3 The label “TSV” indicates that this is a component vulnerability
card for ship type NST.
6-10 p;, radial distance from the center of ship type NST to the ith
component group.
11-15 0;, bearing (clockwise from the bow) to the ith component group.
16-20 Z;, height of the ith component above the ship Z-coordinate.
21-25 V;, vulnerability factor for the ith component group.
26-30 n;, the number of colocated components in the ith component
group.

Continue as required with a second 5-tuple in columns 31-55 and/or with additional
5-tuple on up to nine additional TSV cards.
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CARD PURPOSE
ﬂ
NAME TSX Termination Card for Ship Type NST PAGE 7 0 7
FORMAT READING USING REMARKS
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Amplification of Card Type TSX

Card Type TSX signals the end of cards associated with ship
type NST. Each ship type data set must be followed by exactly
one card of this type. Upon reading this card, program control
is returned to the Type Generator.

Card Columns Description

1-3 "TSX" label indicating that all
inputs defining ship type NST
have been read.
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Amplification of Card Type TT

Card Columns Description
1-2 The label "TT" indicates that this is a target~type
data card,
6-25 20-character field which may be used to assign a name

to this target type.

26-30 Identification number for this target type. It may be
used as a reference number when generating targets
(aircraft and parasites) in the Raid Generator.

31-35 The vulnerability group index is correlated with
missile-~lethality data to assess damage to a target.

36-40 This value corresponds to a cross-section group that
has been defined on Card Types TC and TCD.

41-45 This and the following field correspond to guidance
accuracy. This field is interpreted as CEP (circular
error probable) if columns 46-50 of this card are blank
or 0; otherwise, it is DEP (deflection error probable).
Two cases must be considered. If this is the target type
for a nonimpacting target, then DEP/REP or CEP determines
the aimpoint in relation to the center of the ship under
attack. (If the weapon being fired has autonomous
inflight guidance, then the launch plane does not influence
the aimpoint.) For an impacting target, the DEP/REP or
CEP determines the impact point in relation to the aimpoint.

46-50 A nonzero value represents REP; 0O means that columns 41-45
are to be interpreted as CEP, For an explanation of this
field see the description for columns 41-45 of this card

type.

51-55 A value of 1 indicates that this target type requires
inflight guidance from its parent launch vehicle; O means
that it does not. This field does not apply to nonimpacting
target types. '
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Amplification of Card Type TT (Concluded)

Card Columns Description

56-55 Warhead lethality in equivalent pounds of TNT--this field
applies only to impacting target types.

61-65 Standard deviation of speed for the weapon profile of an
impacting target type.

66-T0 Fuze delay distance for an impacting target, expressed in
feet; zero or blank otherwise.

TL-75 100 x probability impacting target is a dud; zero or blank
otherwise.
76-80 A, missile sensor wavelength of impacting target, expressed

in centimeters; zero or blank otherwise.
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CARD PURPOSE
NAME X Trailer Card for the Type Generator PAGE 1 OofF 1
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Amplification of Card Type TX

This card is the final Type data card. It must be present in the
card deck; its absence will cause termination of the Pregame Processor
program. It is worth noting that if Type data are being read from tape
and there are to be no additions or modifications from thevcard file, the

first and only Type data card would be a card of this type.

After reading this card a check is made to see if errors have been
detected. All Type data will be written onto tape if the data are error
free and a writerequest has been made on Card Type C. This concludes
the Type Generator inputs and is a signal to begin reading Defense

Generator cards,
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CARD PURPOSE 1 3
NAME BF Boolean Function Card PAGE OF
FORMAT READING USING REMARKS
NUMBER 7 ROYTINE _ Bolgen ROUTINE _ Bolgen
t 234 5] 78 9 101121314 _J_m 1718 19 2042122 